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ABSTRACT AND INTRODUCTION 


HAT performance dictates design is of course 

well recognized as a general principle; but there 
has hitherto been no straightforward method of putting 
that principle into practice. True, it is no longer 
necessary to build an airplane to find its general per- 
formance; but the design itself, with minor excep- 
tions, is still preconceived, and the performance com- 
puted therefrom. For conditions at all unusual, 
there is no direct assurance that the resulting perform- 
ance is the desired performance; and it is only by 
chance, individual judgment, or long trial and error 
that the airplane characteristics approach the optimum 
for the performance obtained. Under present condi- 
tions of increasing size and wing loading, improve- 
ment is called for particularly in wing design. 

In contradistinction to the usual performance analy- 
sis of specific designs, this paper is concerned with the 
optimum combination of wing area and loading, span, 
planform, thickness, etc., for the imposed or desired 
conditions of landing, operating speed, structural 
limitations, etc. Data are thus provided on which 
judgment can be rationally based for the final selection 
and coordination of conditions and performance. 

This direct approach to the desired performance, 
clearly best suited to the creative or preliminary 
stages of design, can also be readily adapted to check- 
ing the performance of an established design, and as a 
criterion of aerodynamic or structural efficiency. A 
simple new wing parameter, the “structural ratio,’’ is 
introduced for the basic correlation of the aerodynamic 
and structural characteristics. 
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The method is applied to a practical example; and 
incidental conclusions, relative to design trends and 
possibilities, are added. The present paper is confined 
to cantilever wings at speeds below critical compressibil- 
ity or flutter values. 


WING WEIGHT EQUATION 


For the purpose above outlined a simple wing weight 
equation is required, employing certain parameters that 
will have direct significance in the drag equation. 
Of the various equations hitherto proposed, having from 
one to six terms, a corrected and improved two-term 
equation} is here adopted as probably the best com- 
promise between convenience and reasonable ac- 
curacy. Without giving the development in detail, it 
can be said that the first term gives the part of the 
weight due to the surface area and local distribution of 
load; the second term, the structural weight proper; 
although the two may overlap with respect to the 
functions of specific wing parts. Thus the wing weight 


Wee = C1'Sly® + ta! BnWb ¥,9/21" (1) 


where S and } are the wing area and span; /,, the wing 
loading = W)/S; m the limit or yield load factor; 7, 
the lateral c.p. distance; 2, the root (C.L.) thickness; 
and 8 a taper factor, which expresses the relationship of 
z; to the integrated effect of the actual thickness distri- 
bution along the span. ¢’, @’, p, gand rare coefficients 
and exponents to be evaluated. 

W is the effective weight carried, which is less than 
the gross weight W) by approximately the amount W,,, 
and further modified by the effect of other loads carried 
in the wing. W.,, is taken to include a 10 per cent 
increment, representing the portion of the tail weight 
estimated to vary directly with that of the wing. The 
small error involved in deducting the total W,, from 


t In its original form, due to J. M. Frankland. 
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the gross weight (for structural effect) approximately 
balances the opposite error of neglecting the fuselage 
width. The lateral c.p. distance, y, is proportional to 
the span 0 for a given planform. 

If the range of /,, variation is small, this factor in the 
first term can be ignored by taking p = 0; but such data 


as are available for extreme values of /,, make p at least 
i. 

The general form in which the second term of Eq. (1) 
is expressed, makes it adaptable to practically any part 
of the internal structure, the exponents for the more 
important structural functions being as follows (on an 
idealized basis, the practical adaptation to the actual 
weight being obtained by empirical adjustment of the 
final coefficients and exponents) : 


(1) Beam flanges q= lr= 1 
(2) Beam web q= O;r= 0 
(3) Rib lattices q=-l;r=-l 
(4) Torque structure (strength)g = —l; r= 1 
(5) Torque structure (stiffness) g = O; r= 2 


For a limited range of conditions it can readily be shown 
that there exists a single term of the same form,* which 
will approximate the sum of all the above. In most 
cases, on a strength basis, item (1) above is much the 
largest, and in combination with a properly selected 
first term, is apparently a good approximation for the 
structure as a whole. 

Making the substitutions above noted, Eq. (1) be- 
comes 
W,, = 4S Wo" + c2'nS'” [BA ¥,/2] X 

(W, ns Wire Viw?/ Yp”) (2) 


where A = b?/S. The net weight, Wi = Wy — W,,. 
W,, is the total weight (other than wing weight) 
carried in or on the wing, its lateral c.g. position being 
Viw, both taken at their most unfavorable values. 
The entire expression in parentheses is the equivalent 
of W in Eq. (1). 

Directing attention now to the factors in brackets the 
second term of Eq. (2) is a non-dimensional factor rep- 
resenting the flange force in a full-depth beam, inte- 


grated over the span, divided by the effective load nW 


I /o . . . 
and by S”*. It is evident fromi geometric and aero- 
dynamic relations that this term may be replaced by an 
expression of the form 


R= a : oa ='¢(uA)”/T = 
~ nWS”* Jo 3 — 


($.5,/¥ (A/T) (3) 


where u is the planform factor of induced drag; T is the 
root thickness/chord ratio. The general taper factor 
¢ = $;¥»/(yu’’), @, being the geometrical value for 





* Solution of coefficient and exponents for the general case is 
due to Edgar Lesher. 
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uniform load per unit area, and Vs the lateral center of 
area. By adjusting c2 to suit, ¢, is expressed on a scale 
that makes it unity for a rectangle. As a proportion 
of the gross weight with coefficients from available 
experience, Eq. (2) then becomes (for modern ll- 
metal wings), 


W,./Wo = 1.00/ly'/* + 7.0 X 10 RnW/(Wily)'” = 
L/h 7X 10- Rn We! (1 — (Wee/We) re/¥p)4 


1? +7 X 10-* RnW,'” 


(4) 


¢, is plotted in Fig. | for straight-tapered wings. The 























| 
.F F ° 
A = Tip Chord 
x Root Chord 


Fic. 1. Relative beam flange weight ¢, for straight-tapered 
wings of equal area, span and root thickness ratio; uniform load 
distribution per unit area; Eq. (4a). A, = (tip thickness 
(root thickness). 


exact equation is rather long, but a close empirical 
equivalent gives: 


¢, = 0.87 (K, + 0.3)/(K, + 0.44)'” (4a) 


where K, = tip/root chord, and K, = tip/root thick- 
ness. Values of y,/¥, (the ratio of c.p. to center of area 
distance), and u are given in established texts. 

For a planform taper ratio of 0.4, ¢ is almost identi- 
cal with ¢, and independent of aspect ratio. For 
smaller (sharper) taper ratios, ¢ is still almost constant 
for a given taper due to changes in the modifying 
factors tending to cancel each other. For example, 
taking a planform taper of 0.25, ¢/¢, = 1.05 for A = 
5.6; 1.07 for A = 16.4. ¢ is also constant with varia- 
tion in T provided the tip thickness is in constant pro- 
portion to the root thickness. 

Eq. (4) is in a convenient form for estimating and 
comparing wing weights on a rational basis. Points 
for a group of existing wings are plotted in Fig. 2. 

It is clear from Eq. (4) that, for any general type of 
airplane carrying a known desired load in a specified 
manner, the wing weight will depend exclusively on 
the two factors, /,, and R. The former is already well 
known; the latter, as defined by Eq. (3), will be termed 
the Structural Ratio. For given taper characteristics, 
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R«A’*/T; and is thus a simple combination of the two 
more familiar ratios, although independent with re- 
spect to the actual magnitude of either one by itself. 

With similar materials properly utilized, a wing 
showing a given value of R will have a beam deflection 
approximately in proportion to +/S; and, with similar 
flap and aileron proportions, nearly constant effective 
rigidity in torque. Hence, although still awaiting 
numerical evidence on its optimum or permissible 
value, R seems evidently a more rational criterion 
than the aspect ratio A for expressing the structural 
slenderness, ‘‘extremeness’”’ or general order of struc- 
tural difficulty. Values from 50 up to a little over 100 
are found in present-day construction. As will be seen, 
R also has a direct aerodynamic significance. 


WING DraG EQuaATION 


Previous investigations have established the follow- 
ing simple equation as an envelope of attainable values 
sufficiently general to fit practically any set of known 
drag data. Basedon Cp, = a + ya:T™ (plotted in 


Fig. 3 for rectangular airfoils), 

Wing Cp = (ai + WasT”)(1 + a3Cy") + Cy,?/reuA 
(5) 

Here y is the aerodynamic taper factor adjusted to the 


use of the root thickness ratio JT. For straight taper 
(if z is the section thickness and x the chord), 


1 b/2 =) 1 
} = — xdy = -_—— b 4 
' ib wy A + Ky) 


E + K, + 4K)” 
(1+ 5K,)"—* 


values of y for m = 2 being plotted in Fig. 4. e, is an 
induced drag factor similar to the commonly used e, 
but exclusive of the planform effect, u, and exclusive 
of the pseudo-induced drag, which is actually variable 





+3-— K, | (5a) 
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proportion to gross weight) with 10 per cent tail increment 
added; for varying wing loadings and structural ratios; Eq. 
(4). 


Fic. 2. Weights of modern all-metal cantilever wings (in 
& . 


parasite drag, and is taken care of by the second bi- 
nomial factor of the first term. The effect of any small 
twist can be included in e,; otherwise, for a well de- 
signed ship with minimum interference, e, will approxi- 
mate unity and can be neglected. Cy, = l,,/q is the as- 
signed or desired cruising value. 

Fig. 3 shows that the exponent m can, with small 
error, be assumed equal to 2, provided the coefficients 
a, and a2 are adjusted to correspond. The same applies 
to n, which is assumed to be 2 in present use of the 
equation, for a; = 2/7. The latter fits the envelope of 
present available profile drag data up to at least C; = 
1.0 and indications are that the same value is approxi 
mately maintained at larger C;, by the use of optimum 
slots and flaps.*® 

The unimportance of accuracy in either ” or a; will 
be appreciated when it is realized that present practice 
in performance computations is equivalent to calling 
a; = 0 except as included in the value of e. As here 
used, the coefficients a; and a2 include a 10 per cent 
tail increment in addition to increases for wing surface 
irregularities. These coefficients are assumed constant 
for a given wing, the effect of local variation in Rey- 
nolds Number and c, being of negligible importance. ! 

Eq. (5) contains no camber parameter because it is 
concerned not with the characteristics of a specific 
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Fic. 3. Minimum profile drag vs. thickness ratio; Cy, = 0; 
Reynolds Number ~ 8 X 10®; (rectangular airfoil alone); 


first term of Eq. (5). 
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Fic. 4. Relative drag y due to wing thickness for straight- 
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tapered wings of equal area and root thickness ratio; m = 2 


in Eq. (5a) 
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airfoil but with the minimum drag obtainable for a given 
combination of thickness and lift coefficient. 

From inspection of Eq. (5) alone, it appears that the 
aspect ratio A can be indefinitely increased, although 
with diminishing returns, and of course with an in- 
creasing structural penalty unless 7 is simultaneously 
increased in the proper proportion. Hence the use of 
Eq. (5) for creative design purposes requires that 
either A or T be expressed in a form that has direct 
structural significance. This requirement is met by 
Eq. (3). 

Substituting A in terms of R and 7, using the above 
values for the exponents, etc., and dividing through by 


Cr: 
D,,/L = (ay + YaeT?)(1/Cz + 2C,/7) ote 
(Cr/)(¢/TR)” (6) 


T now becomes a truly independent variable, since 
for a given taper as represented in y and ¢, and for 
assumed constant wing weight (for given /,, and q) 
denoted by constant R, a variation in 7 affects the 
drag alone. At the same time, the aspect ratio is an 
implicit function of 7, since both are factors in R. 

The optimum value of the thickness ratio itself can 
now be readily computed from Eq. (6), by differentiat- 
ing with respect to 7’, and is expressed by 


— — 0.5 I e " - 
RY [yax(1 + 1.57/Cz2)]"”* 





To (7) 
Substituting Eq. (7) in (6), the minimum wing drag/ 
lift ratio for a given value of R becomes 


(D,,/L)r = a,(1/C;, + C,/1.57) + 
0.425C;( RT)” (8) 


By following optimum 7 from a lower to a higher 
value of R, the latter automatically maintains the pro- 
portion of Z and A for minimum drag. In other 
words when & is increased, it can be done by increasing 
A or by decreasing 7, but minimum drag is attained by 
changing both in the proper proportion (see Fig. 5). 

The independent parameters C, and R still remain to 
be determined. The usual case of limited wing load- 
ing fixes C; = /,,/q as soon as the desired cruising speed 
and altitude (for determining g) are set. For con- 
stant landing speed, /,, may in some cases vary slightly 
with 7, although test data and experience show that 
Cinox, With flaps is largely unaffected by increase of T 
above 0.12. 

The possible variation of /,, with thickness is further 
minimized by the fact that with a structurally efficient 
taper the actual safe value of C; is limited by what is 
available near the tips. Thus, if the tip thickness ratio 
is given a safe value and maintained constant, regardless 
of the root 7, there will be small variation in the thick- 
ness of the section that controls C;,,.. The example 
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given later employs for the drag equation values of the 
coefficients adapted for this purpose. The corre- 
sponding variation in ¢ for the sharper tapers is slight 
and can ordinarily be ignored. 

Determination of optimum R and C, requires further 
coordination with the weight. 


COMBINED DRAG AND WEIGHT EQUATION 


The problem to be considered now is that of laying 
out a wing of minimum drag and power for carrying a 
given net load W, at a certain speed and altitude. 
Although the drag must of course include that involved 
in carrying the wing weight, the latter is in no sense an 
asset and must be left out of account as far as the trans- 
port carrying capacity is concerned. Thus the drag 
criterion, instead of D/L, becomes D/W; for any case 
involving variable W,,. For this purpose it is only 
necessary to divide Eq. (6) or (8) by Wi/Wo. 

Expressing the latter ratio in terms of W,, a close 
order of approximation gives 


W, 1,“ —1— 0.5aRi,,” 


ai weve (9) 
W, l,/* + 0.5aRI,,'“* 
or more roughly 
Wi/Wo = 1 — (1/ky’/*) — (aR/Iy'”) (9a) 


where 
_ = r r 7H 1/9 
a=7xX10*s (1 —- Ww :) | w: (9b) 
Vp 
Dividing Eq. (8) by (9a), and solving for Ro, the 
optimum value of R (to give minimum D,,/W,), 
Ro = (ly — 1)/(ly”* 28) (10) 


where @ is a pseudo-constant, roughly approximating 
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Fic. 5. Total power for varying wing proportions; airplane 
(all metal) carrying 950 Ibs. excl. of fuel, power and wing 
weights; cruising 120 m.p.h. at 0.7 hp., altitude 8000 ft.; wing 
loading 15 lbs. per sq. ft. Marked points on 7, line, starting 
at upper left: a, conventional aspect ratio; b, maximum 
structural ratio in present use, for approximate minimum 
weight and initial cost; c, structural ratio probably usable on 
a strength basis; d, computed optimum R; e, graphical solu- 
tion of optimum R. 
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5.5 for trial purposes, or more exactly is determined 
from the function 





6 = 3 + 0.49a;/PasTo? (10a) 
Substituting Eq. (10) in (9) gives: 
W, 20 — 1)(1,/* — 1 
(7) a (11) 
Wir 26ly* +1," — 1 


which means that at optimum R the wing weight as a 
proportion of either the net or gross weight is almost en- 
tirely a function of wing loading. Other characteristics 
will substantially affect the resulting drag, however, as 
will now be apparent. 

Substituting R, in the complete expression for 
(D,,/L)(Wo/W;) = Eq. (8)/Eq. (11), the (minimum 
drag)/(net weight), (D,/W1:)rr, is obtained for the 
condition where 7 and R are both optimum. This 
still assumes the wing loading to be limited to a definite 
safe value. 

If, by reason of low power, or take-off and alighting 
assistance, /,, appears not to be critical, it is of interest 
to determine its optimum value. The expression above 
indicated is evidently now in a condition to give /,, 
the optimum value of /,,, by substituting C; = /,,/q, and 
differentiating with respect to /,,. This establishes a 
theoretical possible range between min. /, = gq and 
max. l, = 1.25, intermediate values being given by 
the approximate equation (assuming optimum R), 


~~ 1 13/,6 
0.7a; /q Soe 


i i ila (12 
> (ap)/* (hae) 


Eqs. (10) and (12), as here expressed, are good only 
for the assumed coefficients and exponents of the weight 
Eq. (4). For conditions outside the range of present 
structural experience, results from these equations 
should be regarded as indicating trends or possibilities 
rather than numerical values. 

Together with optimum structural ratio, the prac- 
tical attainment of optimum wing loading will com- 
monly conflict with other desired ends, and hence a 
compromise must be sought. An example will make 
this clear. 


PRACTICAL APPLICATION 


Assume: 

Net weight to be carried, W; = 1450 Ibs.; none of it in 
the wings, making W,,, = 0. 

Desired cruising speed 120 m.p.h. at 8000 feet, 
making g = 28.9 Ibs. per sq.ft. 


Taper factor ¢ = 0.6 (taper ratio ~ '/4) 


a, = 0.008 | Including 10 per cent 
¥ a2 = 0.068 } tail increment 
Design load factor, » = 6 (C.A.A. Cond. IL.) 


From Eq. (9b), a = 0.0016 
From Eq. (12), Ly, = 21.4 


Assuming 6 = 5.5 in Eq. (10), a trial value of R = 475 
is obtained; and 7 ~ 0.155 from Eq. (7). Substituting 
the latter in Eq. (10a), a more accurate @ = 5.35 results; 
then as a second, and in this case sufficient, approxima- 


tion, 


Ry = 486; To) = 0.157 

For a wing of the prescribed taper, a convenient 
empirical relation makes 1/u = 1 + 0.0024A, which 
substituted in Eq. (3) gives A = 27.3. 

Expressing the approximate identity* between Eq. 
(5) and the more familiar equation, Cp = Cp, + 
C,?/(reA), gives ‘ 


1/e = 1 + A(0.0024 + 2Cp, ) 
or e = 0.63 for this particular wing without including 
interference or other effect from the fuselage. C, = 
21.4/28.9 = 0.741; then from Eq. (8); 


(Dv/L) rey = 0.0268 
and from Eq. (11), 
(Wi /Wo)Ri,, = 0.752 


Dividing the former expression by the latter: 

(D.,/W:)rri,, = 9.0357 Ib. wing drag per Ib. of net 
load carried. 

Although the above wing loading is not what would be 
called extreme, a lower value would unquestionably be 
more desirable for a small plane, especially to any ex- 
tent that it might be had without serious increase of 
drag. With this in view, a wing loading of /, = 15 is 
selected which, by use of the same formulas, gives 


Ry = 344; To = 0.135; 
(D,,/L) rr = 0.0299; (Wi/Wo)r = 0.745; 
(D, /W,)rr = 0.0401 


The above value of R, although less than for the 
condition of ultimate optimum wing loading, is still 
far greater than anything in use today. Hence it is of 
interest to check the further change involved in re- 
ducing R to a more usual maximum value of 100, which 


makes 
T) = 0.184; D,,/L = 0.0400; 
W/W. = 0.831; (D,/Wi)r = 0.0482 


the latter being 20 per cent more than the optimum for 
the same wing loading, or 35 per cent more than the 
ultimate optimum figure, not allowing for the slight 
reduction due to the larger Reynolds Number intro- 
duced by the larger chord. 

For a more complete picture of the possibilities for 
this particular plane one must consider not only the 





*It should be noted that the two equations are not strictly 
comparable, Eq. (5) giving an envelope of values for all airfoils, 
whereas the alternative expression, as used by Oswald and others, 
gives the values for a specific wing used at varying lift coefficient. 
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drag variation for a specific net load but also the change 
due to the varying power and fuel. Then of course 
there is a constant drag due to the body and landing 
facilities required to handle the balance of the load. 
By use of methods similar to those already shown, the 
total horsepower for various combinations of wing 
parameters is plotted in Fig. 5. Aspect ratios are 
taken as abscissae here for the benefit of those accus- 
tomed to think in such terms and at the same time to 
show the greater convenience of dealing directly in 
terms of structural ratio. 

As would be expected, the R lines come tangent to 
the power curves at the 7} line, and most of the sig- 
nificant points of interest lie on the latter line. Starting 
with a conventional aspect ratio of six, optimum T 
(on the 7> line) is 0.234, at a horsepower of 132. This 
does not of course mean that a lower thickness should 
not be used; for even at the same aspect ratio, the 
power can be reduced to 125 by cutting the thickness 
to 0.146; but this implies that the structural ratio can 
be increased to 56, which at the 7) line would have 
saved two horsepower more. 

In common with most optimum conditions, it will be 
noted that there is but slight drag and power penalty 
involved in considerable departure from the 7> line, 
providing such departure is along an R line. Thus, 
at a given value of R, a reasonable compromise below 
the 7) line will permit an appreciable saving in span; 
while above the line it will produce improvement in 
climb, with negligible increase of power at cruising 
speed. 

Experience with larger planes shows that it is en- 
tirely feasible to use R values up to at least 100. Here 
the power is further reduced to 114. Again one has the 
same compromise possibilities as above indicated, ex- 
cept that at the optimum point itself there is plenty of 
climb to satisfy ordinary requirements. This point 
coincides approximately with that of minimum gross 
weight and of minimum first cost, with but little penalty 
for a considerable area around the point itself. Thus 
there is incentive for exploring still further out on the 7% 
line unless the increase of span is ruled out by considera- 
tions of hangar space, etc. 

Planes have already been successfully built and 
operated with R ~ 100, at a speed practically double 
that here considered, which according to present ac- 
cepted flutter theory should permit an R value of well 
over 200 at the smaller speed. At the latter value of R, 
the horsepower is down to 107, which is near enough to 
the absolute minimum to make further effort unjusti- 
fied. A more thorough study seems called for to prove 
the entire safety of this relatively large increase in the 
value of R; but wherever the safe limit is established 
to be for wings designed by the usual strength criterion, 
the analysis can be extended into the range where 
stiffness is an important criterion. This-is considered 
beyond the province of the present paper, however. 

The next point, at R = 344 is the ultimate optimum 
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already computed, falling a little short of the plotted 
minimum power point, due to inaccuracy in the wing 
weight approximation, Eq. (9a), used in the mathe- 
matical solution. The latter, however, can be taken as 
approximate compensation for the otherwise neglected 
effect of Reynolds Number change due to the varying 
wing chord. 

It will of course be understood that the actual per- 
formance finally selected will depend on the specific 
powerplant that happens to be available. Never- 
theless, a preliminary study of this kind seems more 
conclusive when put on the basis of the hypothetical 
power required for a specific performance. 


GENERAL CONCLUSIONS 


Although the main purpose of this paper has been to 
present improved means for handling individual design 
problems, there are, none the less, certain rather broad 
conclusions that have grown out of the limited number 
of cases thus far studied: 

(1) With refined general design, and with the as- 
sumed surface friction coefficients and wing loading, 
the difference between correct and conventional wing 
proportions can readily amount to 15 per cent of the 
total drag or power. 

(2) Worthwhile improvement will accrue from 
finding means to increase present values of the struc- 
tural ratio. This seems particularly feasible in the 
lower speed brackets, where take-off and climb will 
incidentally be improved. In many cases the cost for 
equal performance will at the same time be reduced. 

(3) Optimum wing loading increases slightly more 
than in proportion to the square of the indicated speed, 
being in the hundreds (of course unattainable under 
present conditions) for the higher sub-sonic speeds. 
A 30 per cent reduction from optimum wing loading 
(for a given net weight) increases the wing drag of the 
order of 12 per cent, the penalty increasing at a faster 
rate for larger departures. 

(4) Increased weight, while apparently increasing 
the permissible wing loading, reduces the optimum wing 
loading. The latter is also reduced by limitation of 
structural ratio and by anything (including Reynolds 
Number) that reduces the surface frictional coefficient. 

(&) The ratio of wing drag to net load carried, for 
optimum conditions, becomes gradually lower with in- 
creasing speed, approaching a mathematical limit of 
2 aya;'’" (0.0127 for the coefficients and exponent here 
assumed). Actually there seems no possible way to get 
within twice this theoretical limit, due to the fact that 
the speed is limited by the compressibility burble. 

(6) For the usual case of limited wing loading and 
structural ratio, the other wing proportions are similarly 
susceptible of optimum analysis for a specific perform- 
ance, and can be similarly compromised for incidental 
purposes. 

(7) The specific-performance approach is likewise 
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best suited to a design for maximum performance (with 
specific powerplant, etc.), since only in this way can 
optimum proportions be assured for the performance 
ultimately arrived at. 

(S) On the basis of available drag data, not much 
change is indicated in the range of thickness ratios at 
present used. Depending on taper, sweep-back and 
other details, a minimum tip thickness ratio of 0.10 to 
0.12 is recommended. 

(9) With little or no sweep-back of the leading edge, 
and proper proportioning otherwise, it appears ad- 
vantageous and feasible to use a planform taper ap- 
proaching 1:4 for large sizes; but the possible gain 
from a still sharper taper is small (of the order of 5 
per cent without considering means of adjusting the 
stalling characteristics). The importance of taper is 
reduced for the lighter airplanes, and for small values of 
nand R. 

(10) The net benefit to be derived from large aspect 
ratio is severely restricted by structural weight and by 
increased profile drag. Yet in spite of this, the opti- 
mum aspect ratio of planes operated at high lift coef- 
ficient is much greater than values in prevailing use. 

(11) The “induced efficiency factor” e, as used in 
conventional performance equations, is due almost en- 
tirely in a good design to the planform factor and vari- 
able parasite drag, both of which cause e to decrease 
with increasing aspect ratio. This substantial varia- 
tion must be allowed for if equations employing e are to 
be used. In the equations here given, the same effect is 
dealt with more directly without reference to e or the 
aspect ratio. 

(12) With otherwise optimum design, the wing vol- 
ume in the usual case proves ample for fuel tanks, etc. 
Extreme range, “submerged” engines, or other special 
considerations may indicate a modification of basic 
proportions in a direction to give increased volume or 
depth. 

(13) For carrying a given pay load, the wing area 
for minimum drag (including the effect of wing weight) 
will be considerably smaller than for minimum gross 
weight. The structural ratio for minimum drag will be 
much larger than for minimum weight. In the general 
case, neither gross weight nor wing area are adequate 
bases for even a rough estimate of wing weight. 

(14) Assuming the possibility of unlimited struc- 
tural improvement, the absolute maximum cruising C;, 
at which it will pay to operate is given by max. C;, = 
1/as’* = 1.25. Half this value is closer to the practical 
maximum for present conditions (neglecting landing 


Errata 


On page 320, Table 1, of the paper ‘“‘Symposium: Prospects of 
Fuels of Higher Octane Number in the Transport Field’ by 
William H. Hubner, appearing in the June, 1940, issue of the 
Journal, the operating conditions for aircraft fuel knock rating 
method 1-B were inadvertently given in place of those for method 
i-C which was mentioned in the text. The operating conditions 
for method 1-C are as follows: 


and take-off requirements); hence any claims for the 
desirability of approaching unity or more should be re- 
garded as based on incomplete analysis. 

(15) The lowest wing drag with optimum wing 
loading is attained at sea level. Altitude, however, 
permits a plane of limited wing loading to be propor- 
tioned closer to optimum, and of course saves directly 
on the drag of parts other than wing. The large 
weight involved in engine and cabin superchargers at 
present apparently precludes economic transportation 
above 20,000 to 25,000 feet. 

(16) A complete airplane designed for minimum 
drag at a given indicated speed will have still lower 
drag at somewhat lower speed, even when optimum 
wing loading has been employed. This in effect adds 
reserves of climb and range not present under the 
common assumption that optimum wing loading in- 
volves operating at maximum L/D of the specific air 
plane as used. 

(17) In the weight equation, the first-term coef 
ficient ¢,; is found to be substantially lower for fabric 
than for the metal covered wings here considered, yet 
for no reason inherent in the strengths of the materials 
themselves. It can be inferred that a research prob- 
lem inviting serious attention is to develop more ef- 
ficient means of carrying the local pressure loads 
through a metal skin and its directly associated mem- 
bers. This may involve a change in the exponents, 
as well as in the coefficients, of the weight equation. 
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Engine speed, r.p.m. 1200 
Mixture temperature, °F. 220 
Coolant temperature, °F. 374 
Spark advance, °btc 35* 


Temperature plug 





Method of measuring knock intensity 


* Fixed, not varied with compression ratio. 








Coupled Oscillations of Aircraft Engine- 
Propeller Systems 
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ABSTRACT 


The coupled oscillations of a flexible propeller and an aircraft 
engine with arbitrary number of cranks is investigated. In the 
first part of this paper a practical method is developed to deter- 
mine the complete dynamical characteristics of a rotating vibrat- 
ing propeller of arbitrary shape, and the legitimacy of the ap- 
proximations is checked with a numerical example. In the second 
part the first nine torsional frequencies of a V-12 engine, with a 
flexible propeller are calculated and compared to the frequencies 
of the free-wheeling propeller and those obtained by considering 
the propeller as rigid. The simultaneous influence of the engine 
speed on all nine frequencies and the general procedure to com- 
pute the complete critical speed spectrum are also indicated. 


INTRODUCTION 


HE call for light weight and highly efficient metal 
propellers, together with the high speeds and 
power of aircraft engines, has considerably increased 
the danger of propeller fatigue failure. In fact the vi- 
bration characteristics of the coupled engine-propeller 
system has become one of the primary factors which 
govern the choice of a propeller for a given engine. 
The calculation of these oscillations is a rather compli- 
cated problem and it is made especially difficult in case 
the propeller is coupled with an in-line engine as will 
probably occur more frequently in the future. 

In a previous paper! the torsional oscillations of a 
crankshaft-propeller system with an arbitrary number 
of cranks has been calculated with the assumption that 
the propeller is rigid. In the present paper the flexibil- 
ity of the propeller is taken into account, the crank- 
shaft and the propeller being considered as two coupled 
vibrating systems, and a method is developed by which 
it becomes practically feasible to predict with fair 
accuracy the vibrational behavior of the system for all 
speeds of the engine. 

It is clear that the propeller is a dynamical system 
with an infinite number of degrees of freedom, and that 
the problem of coupled oscillations implies the knowl- 
edge of the dynamical characteristics of the propeller. 
They are completely defined for the present purpose by 
a function of the frequency referred to hereafter as the 
“dynamic modulus’”’ of the propeller. This concept is 
very similar to that of impedance in electrical engi- 
neering, and it may also be referred to as the mechan- 
ical impedance, as was done in the previous paper.' 
However, in view of its physical significance as a gen- 
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eralization of the concept of spring modulus the 
designation above is preferred. 

The dynamic characteristics of a propeller are rather 
complicated and the dynamic modulus in this case is 
tedious to evaluate by either calculation or measure- 
ment. To increase these difficulties it also depends on 
the speed of rotation. Before considering the problem 
of oscillations of the coupled crankshaft-propeller sys- 
tem a semi-empirical method which leads to a rather 
simple evaluation of the dynamic modulus of a rotating 
propeller is developed. 

Previous authors * * ! have considered coupled oscil- 
lations of crankshaft and propellers from the theoretical 
viewpoint but limit their investigation to a rigid crank- 
shaft and a non-rotating engine. As pointed out in the 
text, some of the dynamic modulus curves calculated 
by Meyer are erroneous and lead to paradoxical con- 
clusions. Extensive experimental work on propeller 
oscillations in actual flight has been done by C. M. 
Kearns.‘ 


THE CONCEPT OF DYNAMIC MODULUS 


Consider an elastic shaft AB (Fig. la) rigidly clamped 
at B. A torque 7 applied at the other end A produces 


I 














Fic. 1b. Illustrating 
the dynamic modulus 
of a mass on a shaft. 


Fic. la. Illustrating 
the spring modulus of 
a clamped shaft. 


at that point a rotation @ (radians) with the propor- 
tionality relation 


T = ké (1) 


The constant k which is called the ‘“‘spring constant” or 
“modulus” of the shaft is a measure of its torsional 
stiffness. If instead of a constant torque, an alternat- 
ing torque 7 = 7) sin wt is applied the rotation at A 
follows exactly the variation of the torque and may be 
written 6 = 4 sin wt. At every instant relation (1) 
holds, and the ratio 7/@ = k is a constant independent 
of the frequency w/2r. 

This would of course not be the case if the shaft 
carried masses. Consider that the shaft carries a disc 
of moment of inertia J at the driving point A (Fig. 1b). 
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In that case a harmonic oscillation 6 = 4 sin wt of the 
disc will be produced by a harmonic torque of magni- 
tude 


T = (—Iw? + k)0 (2) 
This may be written 7 = K6@ with 
K = —Iw? +k (3) 


For a given frequency the amplitude of oscillation is 
proportional to the torque and the system is equivalent 
to a massless shaft of modulus K. This equivalent 
modulus, however, depends on the frequency, being 
equal to k for small frequencies, vanishing if w = V/k/I 
and becoming negative for w > /k/J. This leads to 
the concept of a spring with a negative spring con- 
stant. The quantity K may be considered as a generali- 
zation of the concept of spring stiffness to the case of 
harmonic oscillations of a system possessing both 
elasticity and inertia. This quantity is referred to as a 
“dynamic modulus.”’ Putting k = 0 in Eq. (3), the 
dynamic modulus of a disc free to rotate about its axis is 


K = —I? (4) 


The dynamic modulus of a pure mass is always nega- 
tive. 

There are simple rules by which the dynamic modulus 
of a chain of discs connected by elastic shafts may be 
rapidly evaluated. Consider a free-wheeling system 
(Fig. 2) and suppose that for a torque 7 acting at B 
the dynamic modulus is K. If an elastic shaft AB of 
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Fic. 2. 
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Illustrating the relation between dy- 
namic modulus at A and B. 


modulus k is added, and the torque applied at A, the 
total angular displacement @ at the driving point A is 
the displacement 7/K at B plus the displacement 7'/k 
of A relative to B. Hence 

6 = T(1/k + 1/K) 
The new dynamic modulus K, at point A is therefore 


given by the relation 


1/K, = 1/k + 1/K - (5) 


Similarly, if instead of a shaft, a disc of moment of 
inertia J is added at the driving point B the torque 
necessary to produce a displacement @ becomes 


T = 6(—Iw* + K) 
Hence the new dynamic modulus K, in this case is 


K, = —Iw’ +K (6) 


Eqs. (5) and (6) give two fundamental rules by which 
it is possible to calculate the dynamic modulus of any 
chain of masses and springs. 

Consider, for example, the system of two discs on a 
shaft represented in Fig. 3. The dynamic modulus of 
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Fic. 3. Illustrating the dynamic 
modulus for a series of masses on a 
shaft. 


the system at the driving point A can be found by 

means of the following steps. The dynamic modulus 

of the disc at Cis —Jw*; adding the shaft k the dynamic 

modulus K of this system at B is given by the relation 
] l ] 


Kk Ie? 
By adding the mass J; the dynamic modulus K, at B 


becomes 
K, = —I,w? a K 


and the dynamic modulus Ke at the driving point A is 
given by 


or 


Rw? [TT w?* - RI, + I)) 


= - - (7 
TIwt — (kIy + RI + RyD)w? + RR, ' 


Ke 


SEMI-EMPIRICAL EVALUATION OF THE DYNAMIC 


Mopu.Lus 


Many practical cases involve the knowledge of the 
dynamic modulus of a complicated system, for which a 
direct computation would require too much time or 
simply lies beyond the power of mathematical analysis. 
On the other hand, a direct test involving the measure- 
ment of torque and rotation amplitude at the driving 
point throughout the frequency range is quite difficult 
and tedious. It will be shown here that it is possible to 
evade both difficulties by using a fundamental mathe- 
matical property of the dynamic modulus. This leads 
to a semi-empirical method of evaluation requiring 
only the measurement of a certain number of critical 
frequencies. 

It is clear that those frequencies for which the dy- 
namic modulus is zero correspond to a motion where no 
torque is applied at the driving point. Therefore the 
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equation obtained by putting the dynamic modulus 
equal to zero yields the natural frequencies of the sys- 
tem when it is free at the driving point. For example, 


putting Eq. (7) equal to zero, 
Rw? [TT w? —_ k(, + T)| = () 


0 corresponds to the free rotation of the 


(8) 


The root w = 
system in Fig. 3; the other 


w? = R(I, + I)/DTd (9) 


gives the natural frequency of the system when it is 
free at the driving point A. Similarly the equation ob- 
tained by putting the dynamic modulus equal to in- 
finity corresponds to the case of zero amplitude at the 
driving point. Hence putting the denominator equal 
to zero in the expression for the dynamic modulus the 
natural frequencies of the system when it is clamped at 
the driving point is obtained. For example, equating 
to zero the denominator in Eq. (7), 


T,Iw* -_ (kl, + kI + kyT)) w? + kik = ( (10) 


which, as can be easily verified, is the equation giving 
the natural frequencies of the system in Fig. 3 when it is 
clamped at A. 

Denote by *w,* and *a.” the two roots of Fq. (10) 
and call *w,/27, *w2/2zx the “‘antiresonance frequencies” 
of the system, while w;/2z7 will be called the ‘‘resonance 
frequency.’’ By factorizing the denominator in Eq. 
(7), 

(11) 
* we”) 
This may be written in a more useful form by taking 
into account that 
Fi? wo? = kik/TT 
Combining this relation with the value (9) yields 


2 4.3 
tvs i + 2) 


w,? 


i= 
and 
i ¢O..9 
W)" We 


9 
@)° 


(w? — w,”) “ 
. = (12) 


Ke = (1 + D)e? 


(w? — *ay7)(w? — *wy?) 


This expression shows that the dynamic modulus is 
completely determined by the resonance and anti- 
resonance frequencies and by the total moment of 
inertia. Note that for vanishingly small frequencies 


Ko = — (i, + I) 


In other words, the system behaves as a rigid system 
with the total moment of inertia J, + J. 

These conclusions are quite general and hold for a 
system with any number of degrees of freedom. Con- 
sider such a general case in which the total moment 
of inertia of the system is J. Denote by @), we, ws ... 


(13) 
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the angular frequencies of resonance, and by *w;, *ws, 
*w; ... the angular frequencies of antiresonance. The 
numerator of the dynamic modulus is a polynomial in 
w* whose roots are 0, 7, we, ws”, ., While the de- 
nominator is a similar polynomial whose roots are 
“a, ” Therefore the dynamic modulus 
may be written in factorized form 


2 *,,.2 
G3", Ws, -.-- 


(w? — w”)(w? — we”)(w? — ws”)... 
+ 


K = Aw? 14) 


(w? — *w,7) (w? — *w*)(w? — *w3”)... 


The value of the constant A is determined by the con- 
dition that K reduces to —Jw* for vanishing frequency, 


hence, 


K = = Jw* X 

* 2 * U9? * yg? : . (w? - 7) (w? —_ 2”) (w? = Ww3”)... 15) 
- : (15 

17 We7we”. ..(w? — *w7)(w? — *we?)(w? — *ws?)... 


with the plus or minus sign according to whether the 
total number of factors between brackets is odd or even. 

This result shows that if the natural frequencies of a 
system for a free and clamped driving point have been 
measured, 7.e., if the resonance and antiresonance fre- 
quencies are known, the expression for the dynamic 
modulus may be written immediately. Experimentally, 
frequencies are easy to measure accurately by the ex- 
citation of resonance in the actual system or in a model. 
As for the moment of inertia appearing in Eq. (15) it 
can either be calculated or measured by the well 
known torsion pendulum method. 


THE DyNAMIC MODULUS OF A PROPELLER 


An alternating torque 7’ = 7» sin wf is applied to the 
shaft of a propeller, the driving point being located at 
the hub. The dynamic modulus of the propeller is 
then the ratio of the torque to the amplitude of oscilla- 
tion at the hub (Fig. 4). In this case there are an 








O= Qsinwt 


Illustrating the dynamic modulus A, = 
An alternating torque 7 is ap- 


Fic. 4. 
7/6 of a propeller. 
plied to the hub of a free-wheeling propeller. 


infinite number of resonance and antiresonance fre- 
quencies. The resonance frequencies are the natural 
frequencies when the propeller is supported by a shaft 
free to rotate in fixed bearings (free-wheeling) (Fig. 5a), 
while the, antiresonance frequencies are those for which 
the propeller is rigidly clamped at the hub (Fig. 5b). 
The dynamic modulus may again be expressed in the 
form of Eq. (15) except that in this case there are an 
infinite number of factors in the numerator and the 


denominator. However, in practice the value of the 








ENGINE-PROPELLER 






“ey rect > 


The antiresonance 
frequencies of a propeller. 


Fic. 5b. 


The resonance fre- 
quencies of a propeller. 


Fic. 5a. 


dynamic modulus is required only in a range of fre- 
quencies below a certain upper limit and for this pur- 
pose only a finite number of factors have to be intro- 
duced in Eq. (15), namely those involving the fre- 
quencies of resonance and antiresonance located in the 
practical frequency range. That this is legitimate may 
be seen by writing the dynamic modulus in the form 

> (1 — w?/a,”)(1 — w?/er?).. 
aoa B.4 i. é 


(1 = w?/*ey?)(1 — w?/*an?). 


Ky _ (16) 
The factors involving the higher frequencies become 
equal to unity and may therefore be neglected in the 
infinite products. Also in the case of flexural vibrations, 
as is the case for a propeller, the sequence of frequencies 
tends to approach the sequence of the squares of the 
successive integers. Therefore the quantities w?/w,’, 
w/w", ., for instance, decrease as the inverse 
fourth powers of the successive integers and the higher 
factors become rapidly equal to unity. 

This conclusion is further verified in the following 
numerical example. Consider the propeller to be a 
rectangular prismatic slab whose plane contains the 
axis of rotation. The dynamic modulus in this case is 
simple to compute and an expression for it may be 


9 


picked out from the formulas derived by B. C. Carter? 





and J. Meyer.* Thus, 
K, = (2EJ/L)p(a) (17) 
with 
jus~ sin a cosh a — sinh a cos a (18) 
1 + cos a cosh a 
w = Ca‘ (19) 
C = FJ/L%p (20) 


EJ is the flexural rigidity of the blade; 
L the length of one blade; 
p the mass of the blade per unit length. 


The dimensionless variable a is proportional to the 
square root of the frequency. Plotting the function 
¥(a) against @ yields the curve in Fig. 6. It is found 
that the dynamic modulus is zero for the following 
values of a 


a, = 3.927; ag = 7.069; as = 10.21; etc. 
while it is infinite for the values 


*a, = 1.875: *aeg = 4.694; *as = 7.855; *a, = 10.99; 
1 2 


ete. 
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From this the three lowest resonance frequencies and 
the four lowest antiresonance frequencies are derived. 
w3” = Caz; * uy)? => C* a3: 
wo" = ag*; *w3? = C*as*; *wy? = C¥ayt 


Hence the approximate value of the dynamic modulus 
can be computed from (15). 





K, = Iw? X 
*er® “an” * eg? *ey? (w? — w 1?) (w? — wo?) (w? — ws?) 
1 2a? w3?(ww® — *w,%) (w? — * eg”) (w? — *e3*) (w? — *ery?) 


(21) 


In this formula J is the moment of inertia of the pro- 


peller 
[= . ‘3p L* 


This approximate expression for K, can be written 
in a form directly comparable with Eq. (17) as follows 


K, = (2EJ/L)y'(a) (23) 
a i a 4 
; a, “Qe “a3 *a 
W'(a) =! sat ( a= nn, St ) « 
Q, Ae M3 j 

(at — a") (at — ast) (at — a4) 24) 
= Sa er - (2 
(a! — * a4) (at — * aot) (a4 ote *a3*)(at — * ovs4) 


The function y’(a@) is an approximation for ¥(a) and 
is represented by the dotted line in Fig. 6. The approxi- 
mate curve practically coincides with the exact value 
¥(a) up to the value a = *a;. Beyond that point the 
approximate curve is still sufficiently accurate for prac- 
tical purposes up to the highest root *a, used in the 
approximate expression. 

The curve plotted in Fig. 6 is typical of a dynamic 
modulus function. There are a series of jumps from 
+ © to — o and between these infinite values the 
curve crosses the horizontal axis only once. This is in 
accordance with a general theorem of dynamics which 
states that if the number of degrees of freedom of a 
system is decreased by one, each of the new natural 
frequencies lie between two of the original ones. 
The infinite points correspond to the natural frequen- 
cies of the propeller when it is clamped at the hub, and 
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Fic. 6. Dimensionless plot for the dynamic modulus of a 


simplified propeller as a function of the frequency. The 
dotted line represents values derived from the approximate 
formula (24) 
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the points of zero modulus correspond to a freely rotat- 
ing hub, therefore according to the above theorem each 
infinite point must lie between two zero points. It 
must be pointed out that curves have been computed 
by J. Meyer which do not satisfy this condition and 
show, for instance, two successive infinites of the same 
sign and two zero points which are not separated by 
any infinite point. The existence of such curves would 
lead to the paradoxical result that certain propeller 
frequencies would vanish due to coupling with the 
crankshaft. The contradiction is due to an error of a 
fundamental nature which affects Meyer’s results in 
case the mass of the hub is taken into account. 

The present method also yields the possibility of de- 
riving the dynamic modulus of a rotating propeller and 
taking into account the stiffening effect of the cen- 
trifugal force on the flexural vibrations. It has been 
shown by W. Ramberg and S. Levy® that the natural 
frequencies of a rotating blade may be obtained ac- 
curately by Rayleigh’s method using the modal shape 
of a non-rotating blade. It is shown moreover that the 
modal shapes of a rotating propeller differ very little 
from that of the fixed propeller in the practical range of 


speeds. Ramberg and Levy establish the following 


formula 
4 = w? + a(rN/30)? (25) 


where w,,, and w are, respectively, the angular fre- 
quencies of the rotating and non-rotating propeller, V 
is the speed of the propeller in r.p.m. and a is a co- 


efficient 
L ‘* 
f [Ax f (dw/dx)*dx|dx 
0 ie 
a=7° r —. (26) 
f Aw*dx 
0 


In this formula w is the deflection of the mode for the 
non-rotating propeller, A is the area of the blade’s cross- 
section at the abscissa x along the blade, LZ is the blade 
length measured from the axis. Note that the value of 
a is independent of the amplitude of the mode and 
depends only on its shape. 

Hence the important conclusion is reached that by 
measuring the shapes of the modes for a vibrating fixed 
propeller the natural frequencies of the rotating pro- 
peller can be derived, and thereby also the dynamic 
modulus of the rotating propeller through Eq. (15). 





COUPLED OSCILLATIONS OF A 12-CYLINDER ENGINE AND 
A PROPELLER 


Consider the 12-cylinder crankshaft-propeller system 
with the distribution of masses and elasticity indicated 


in Fig. 7. 
I = 0.415 Ib. in. sec.? 
I, = 162 Ib. in. sec.? 
k = 5.10 (10°) Ib. in. per rad. 


k; = 2.05 (10°) Ib. in. per rad. 

nm =6 
I, is the moment of inertia of the propeller and n is the 
number of cranks. It has been shown!” ® that the 
natural frequencies w/27 of this system are the roots 
of the equation 


un + 2/2 + gy = multiple of + (27) 


with 


w = 2/k/I sin p/2 (28) 


2k 
vq = tan~! {ey _— 1) tan 3 (29) 


The quantity Kg in this expression is the dynamic 

modulus of the propeller and the driving shaft k,. As 

mentioned in the introduction, in the previous paper! 

this quantity was called the mechanical impedance on 
the side of the propeller. 

According to Eq. (5) 
ae ee 
K, i, * K, me) 


and 


where K, is the dynamic modulus of the propeller. If 














Fic. 7. Dynamical system equivalent to a 
12-cylinder V-engine coupled to a flexible pro- 
peller. 


the propeller is assumed rigid, K, = —J,w? is always 
large compared to k; and for practical purposes it may 
be assumed Kz = k;. The frequencies for this case 
have been calculated in a previous paper.! 

Actually the propeller is flexible and for K, an ex- 
pression of the type (15) has to be used. In the ab- 
sence of experimental data on the resonance and anti- 
resonance frequencies of an actual propeller, the fre- 
quencies are assumed to be distributed as in the case 
of the prismatic slab investigated above. Consider 
first the case of the non-rotating propeller and assume 
the lowest antiresonance frequency to be 


*f, = 1800 c.p.m. 





woo 
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Since the frequencies are proportional to a? the other 
resonance and antiresonance frequencies are derived 


fi= 7,894ep.m. *f, = 11,280 c.p.m. 
fe = 25,578 c.p.m. *fs = 31,590 c.p.m. 
fs = 53,352 ¢c.p.m. *f, = 61,831 c.p.m. 


The angle ¢, as a function of yu is plotted in Fig. 8 using 
Eq. (29). The dotted line represents the function in 
the case of a rigid propeller. 
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Fic. 8. The function ¢a of Eq. (29) plotted against yu. 


Plotting now the left side of Eq. (27) the curves 
represented in Fig. 9 are obtained. The dotted line 
corresponds to the case in which the propeller is as- 
sumed rigid. It is seen that the effect of propeller 
flexibility is essentially to produce notches in the curve 
at points corresponding to the resonance frequency of 
the free-wheeling propeller. This curve has nine 
intersections with the horizontals drawn at the ordi- 
nates, 7, 27, 37, etc. These points yield the nine roots 
uw of Eq. (27). The nine frequencies of the coupled 
crankshaft propeller system are then obtained from 
Eq. (28). Results are given in cycles per minute in the 
right hand column of the following table. 





Free- Engine Engine with 
Wheeling with Rigid Flexible 
Propeller Propeller Propeller 

6,552 6,048 

7,894 8,159 

20,965 20,169 

25,578 26,158 
35,279 35,179 

48,321 48,078 

53,352 53,817 
58,384 58,384 

64,668 


64,668 





In the left column are the resonance frequencies of the 
free-wheeling propeller (propeller frequencies), while 
the second column gives the natural frequencies of the 
engine with rigid propeller (engine frequencies). The 


propeller frequencies are increased by coupling with 
the engine, while the flexibility of the propeller de- 
creases the engine frequencies. This effect is more 
marked with the lower than it is with the higher fre- 
quencies. Of course when the engine and the propeller 
are coupled it is not strictly correct to speak of the fre- 
quency of the propeller as something separate from the 
frequency of the engine since the system must be con- 
sidered as a whole. In fact, it follows from the above 
method of derivation that if one of the propeller fre- 
quencies happens to coincide with one of the engine 
frequencies, the coupling splits this frequency into two 
components, or into a ‘‘doublet,’’ to use the terminology 
of physics, the original frequency lying between the two 
new ones. In this case obviously neither of these two 
frequencies can be assigned to the propeller or the en- 
gine separately. 

The same analysis may be repeated for various 
speeds of rotation of the engine. The dynamic modu- 
lus of the propeller at various speeds can be derived 
from the values of the resonance and antiresonance 
frequencies at various speeds, and these in turn may 
be evaluated through Eq. (25). By following the 
qualitative nature of the phenomenon it is possible to 
predict the aspect of the plot of the natural frequencies 
as a function of the speed of the engine. This is shown 
in Fig. 10. It will be noticed that when the speed in- 
creases, if one of the natural frequencies is followed 
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Fic. 9. The function un + 2/2 + ga of Eq. (27) plotted 
against ». Intersections with the horizontals determine 
the natural frequencies of the coupled engine propeller 
system. 
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Fic. 10. Natural frequencies of the coupled V-12 
engine propeller in Fig. 7 as a function of the engine 
speed. 


through its variation, starting, for instance, with one 
of the engine frequencies at A, it will first stay relatively 
constant, then at B it will increase and become a pro- 
peller frequency, then along CD it will again become one 
of the engine frequencies. 

The calculation of the shape of the crankshaft modes 
can be carried out as in the previous paper and used to 
calculate the energy input for each mode in terms of the 
firing order of the engine and the Fourier harmonics 
of the pressure cycle.’ The frequency of the Fourier 
harmonic increases linearly with the engine speed and 
is represented in Fig. 10 by straight lines passing 
through the origin. The line for the Fourier harmonic 
of frequency equal to ten times the engine speed is 
drawn as a dotted line on the figure and the points of in- 
tersection correspond to resonance conditions. A simi- 
lar line must be drawn for each Fourier harmonic of the 
torque cycle, hence the spectrum of critical speeds will 
look quite crowded. All of these speeds, however, 
are not necessarily dangerous because the energy input 
and the damping are very different from one to the 
other. It is believed that by computing the shapes of 
the vibratory modes along the lines indicated in this 
paper it is possible to compute approximately the 
energy input and the damping of each mode, hence to 
estimate with fair accuracy the stresses produced and 
their respective danger as regards shaft and propeller 
failures. 


CONCLUSIONS 


It is shown how the dynamical characteristics of a 
propeller are defined by its resonance and antiresonance 
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frequencies, 7.e., by the natural frequencies of the free- 
wheeling propeller and that of the propeller rigidly 
clamped at the hub. This yields a practical method of 
evaluation of the dynamic modulus of a propeller by 
measuring a certain number of these frequencies within 
the practical range. The correctness of the method is 
checked on the numerical example of a vibrating slab. 
The dynamic modulus of a rotating propeller can be 
derived if the modal shapes for the non-rotating 
propeller are measured. It is then possible to carry 
out the exact calculation for the natural frequencies of a 
twelve-cylinder engine coupled with a flexible propeller. 
Denoting by engine frequencies those of the system 
when the propeller is considered rigid and propeller 
frequencies those of the free-wheeling propeller, the 
natural frequencies of the coupled system are close to the 
above values, the engine frequencies being slightly low- 
ered and the propeller frequencies slightly increased. 
This effect is more marked for the lower frequencies. In 
the particular example above the lowest engine frequency 
is decreased by 8 percent. Ifa propeller frequency coin- 
cides with an engine frequency, this frequency is split 
into two components. When the engine is rotating 
these frequencies vary with the speed. This variation 
is indicated qualitatively in Fig. 10. An interesting 
feature shown here is the fact that while the speed 
increases a particular frequency becomes alternately 
an engine or a propeller frequency by a continuous 
change. 


REFERENCES 


3iot, M. A., Vibration of Crankshaft-Propeller System. New 
Method of Calculation, Journal of the Aeronautical Sciences, Vol 
7, No. 3, pages 107-112, January, 1940. 

2 Carter, B. C., The Vibration of Airscrew Blades with Particular 
Reference to Their Response to Harmonic Torque Impulse in the 
Drive, British A.R.C. Reports and Memoranda No. 1758, July, 
1936. 

3 Meyer, J., Die Kopplung der Luftschrauben—Biegenschwin- 
gungen mit den Kurbelwellen—Drehschwingungen, Jahrbuch der 
D.V.L., pages 461-478, 1938. 

4 Kearns, C. M., Vibration Characteristics of Aircraft Engine- 
Propeller Systems, S.A.E. Journal, Vol. 45, No. 6, pages 540-548, 
December, 1939. 

5 Whittaker, E. T., Analytical Dynamics, Cambridge Univer- 
sity Press, 3rd Edition, pages 191-192. 

6 Ramberg, W., and Levy, S., Calculation of Stresses and Natu- 
ral Frequencies for a Rotating Propeller Blade Vibrating Flexurally, 
Journal of Research, National Bureau of Standards, Vol. 21, 
November, 1938. 

7 yon Karman, Th., and Biot, M. A., Mathematical Methods in 
Engineering, McGraw-Hill Book Co., Inc., New York, pages 453 
461, 1940. 

8 Biot, M. A., Equations of Finite Differences Applied to Tor- 
sional Oscillations of Crankshafts, to appear in the August, 1940, 
issue of the Journal of Applied Physics. 

® Bentley, G. P., and Taylor, E. S., Gas Pressure Torque of 
Radial Engines, Journal of the Aeronautical Sciences, Vol. 6, 
No. 1, pages 1-6, November, 1938. 

10 Liirenbaum, Karl, Schwingungen des Systems Motor-Luft- 
schraube, Schriften der Deutschen Akademie der Luftfahrtfor- 
schung, Heft 5, R. Oldenbourg, Miinchen, 1938-39. 











The Civil Aeronautics 


Authoritv Instrument 


Landing System Installed at Indianapolis 


HENRY I. METZ 
Civil Aeronautics Authority 


HE instrument landing system at Indianapolis is 

the most extensive and most complete system in- 
stalled anywhere in the world. It isan installation pro- 
viding for instrument approaches and landings in four 
different directions. All of the sixteen stations involved 
are completely controlled and monitored from the air- 
port control tower where a continuous graphic record is 
kept of the monitor readings while the system is in 
operation. 

This system is the outgrowth of specifications pre- 
pared by the Civil Aeronautics Authority in 1938 and 
approved by the R.T.C.A. It resulted from a develop- 
ment contract with the International Telephone De- 
velopment Company based on the specifications which 
had as its chief purpose the development of a system 
which would contain the best parts of all previous sys- 
tems and which could be installed at a representative 
number of air terminals for pilot training and routine 
observation. 

The system is the so-called ‘‘three element’ type con- 
sisting of localizer, glide path, and markers (Fig. 1). 
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Fic. 1. Air view of Indianapolis airport. 

The localizer, or element number one, provides lateral 
guidance to permit the pilot to bring his airplane from 
the national airways radio range courses to a position 
in line with the exact centerline of the runway on which 
the landing is to be made. The second element, the 
glide path (Fig. 2), provides vertical guidance to permit 
the pilot to keep his airplane always on the correct path 
of descent, at a prescribed distance above the obstruc- 
tions on the approach and to a definite point of contact 
on the airport runway. The markers serve as distance 
guides and check points during the approach procedure. 


Presented at the Radio and Instruments Session, Eighth 
Annual Meeting, I.Ae.S., New York, January, 24-26, 1949. 


Each element of the system is independent and, at pres- 
ent, requires an independent receiver in the airplane. 
Each can be improved independently to meet the 
changes that extensive flying experience may later 
dictate. 

The runway localizers at Indianapolis are in reality 
miniature two-course radio ranges with their courses 
aligned exactly with the centerline of their respective 
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Fic. 2. General plan of instrument landing system 
A, 109.9 mec. visual runway localizer modulated at 90 
cycles and 150 cycles; B, 93.9 me. glide path transmitter 
modulated at 60 cycles; C, 75 mc. inner marker modu- 
lated at 1300 cycles; D, 75 mc. outer marker modulated 
at 400 cycles. 
runways. However, they are different from conven- 
tional airways radio ranges in that they operate at ultra- 
high frequency (109.9 megacycles), are modulated at 90 
and 150 cycles to operate a visual pointer-type instru- 
ment in the aircraft, and their courses are of exceptional 
sharpness. They have a rated power of 300 watts and 
have produced guidance as far as 85 miles at 5000 feet. 
There are four localizers at Indianapolis, and, though 
the transmitters are identical, the arrangement of each 
antenna is different. In general the antenna for each 
localizer consists of a group of loop radiators (Fig. 3), 
each about 20 inches square correctly connected and 
phased to produce two bean-shaped radiation patterns 
that overlap on the exact centerline of the runway (Fig. 
+). One of these beans (the left one as viewed ap- 
proaching the station) represents 90-cycle modulation; 
the other represents 150-cycle modulation. This is 





Fic. 3. Ultra-high-frequency loop radiator as used on 
instrument landing system transmitters. 


383 








384 JOURNAL OF 


e 
oY 
a 





mee 
*-ecccr” 


‘ 
' 
' 
; 
' 4 
REFLECTION gf ra 
bes ¢ STA. P 











PRR TEL WIRES 





~ ee 
®*egnadt ~. 


REAR COURSE 


REAR 
COURSE 


Northwest localizer 


Typicallocalizer Fic. 5. 
pattern. 


pattern. 


Fie. 4. 


what is considered the standard localizer pattern be- 
cause in the absence of reflections from nearby wires and 
buildings, it is the choice of several conveniently pro- 
duced patterns. It has a normal course sharpness of 
2.3 db. per 1.5 degrees off course as compared to 0.5 db. 
for conventional figure-of-eight patterns used on radio 
ranges and former ultra-high-frequency localizers. It 
has most of its radiation confined within an angle of 
+ 30° of the course and a broad minimum of radiation 
at right angles to the course where reflecting objects are 
likely to be found. It has an equal reciprocal back 
course. 

The simple bean pattern has been applied to the 
southwest localizer and the building for this localizer is 
located 1565 feet from the end of the proposed extension 
of the southwest runway. The building is only 13 feet 
high and at this distance does not constitute a hazard 
to flying. 

The southeast localizer, because of streets, houses, 
and power lines was located only 850 feet from the run- 
way end. To reduce its height the lower half of the 
building was constructed underground as a water-sealed 
concrete basement. The resulting structure presents a 
height of only eight feet above ground. 

The northwest localizer building is located near the 
field boundary and about 650 feet from the end of the 
proposed runway extension. This localizer is 384 feet 
from the Pennsylvania Railroad along which there are 
85 parallel telephone wires over twice as high as the 
localizer transmitting antenna. Serious reflections of 
the 150-cycle bean pattern of this station resulted from 
these wires and multiple courses were observed in flight. 
The design of the system permitted reduction of the 
radiation (Fig. 5) in the direction of the wires where the 
reflections were harmful, thereby eliminating the multi- 
ple courses. Graphic records (Fig. 6) made in flights 
across the course at various distances from the station 
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clearly show the original multiples and the absence of 
multiples in the final arrangement. 

The site of the northeast localizer station is not suit- 
able for the use of the conventional bean pattern. 
When applied to this site it sends a signal strength to- 
ward the administration building and its surrounding 
wires approximately twice as great as that directed to- 
ward the desired southwest course. The resulting reflec- 
tions caused bends in the course. These bends were 
very gradual in the vicinity of the southwest outer 
marker but more pronounced near the runway. Obser- 
vation by transit indicated these bends to be only 0.3°. 
However small, they are undesirable because a pilot 
flying on instruments naturally attempts to follow them 
and, at the time of contact on the runway, may be in the 
process of correcting his course. As a result he may 
leave the runway after contact. 

To eliminate these bends two things had to be ac- 
complished. The course had to be sharpened to make 
it less susceptible to the effects of reflected energy and 
the signal radiated toward the administration building 
had to be reduced. Both of these were attained through 
the use of an auxiliary antenna (Fig. 7). A course 


sharpness of about 6 db. instead of 2.3 db. is now possi- 
ble. The signal on the building has been reduced about 


6 db. 


s ie 


160%” 





Fic. 6. Graphic cross-course flight record of northwest 
localizer, at outer southeast marker, showing the multiple 
courses present before the telephone wire reflections were 
reduced and the single course existing after the reduction 
of reflections. 








Fic. 7. Northwest localizer pattern. 
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Through the use of the auxiliary antenna the null of 
radiation can be oriented to as low as about 15° of the 
course. The administration building is 22° off course 
and 1500 feet from the localizer. The increased sharp- 
ness the new antenna provides necessitates a reduction 
of sharpness in the localizer receiver because pilots find 
it easier to fly large aircraft on only moderately sharp 
courses. Reducing course sharpness by receiver adjust- 
ment makes the receiver less liable to cause course insta- 
bility. 

It should be pointed out that one of the most difficult 
tasks of the localizer is to give guidance sufficiently 
accurate to permit transport aircraft to land on concrete 
runways 105 feet wide at a distance of nearly 5000 feet 
from the guiding station. Taking into consideration 
the width of a modern airliner landing gear, the course 
must be accurate to within + 30 feet in 5000 feet. The 
courses can now be made so sharp that a movement of 
two feet off course at the point of contact can easily be 
detected. 

The second element of the system, the glide path, has 
undergone extensive development (Fig. 8). Two of the 
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Fic. 8. Diagram showing the relation between the con- 
ventional curved glide path and the new R.C.T.A. glide 
path. 


approaches have been equipped with conventional 
“curved path” systems and the other two with ‘‘straight 
line’ paths. The “curved path’’ system was produced 
by simple radiators sending out a broad beam of modu- 
lated 93.9 megacycle signal in the direction of approach 
and the airplane is required to fly on the under side of 
this beam along a line of uniform signal strength. The 
glide path receiver in the airplane is connected to a 
meter having a horizontal pointer; deviation of the air- 
craft above or below the path of constant signal strength 
gives corresponding changes in the deflection of the 
pointer. The line of constant signal strength followed 
by the airplane is parabolic, passing through 500 feet at 
the outer marker (3 miles) and 2150 feet at 6 miles from 
the localizer end of the runway. The normal point of 
contact allows 2900 feet of roll on the concrete runway. 
Adjustment of receiver sensitivity or transmitter power 
will change these figures and therefore stabilized trans- 
mitting and receiving equipment is required. 

The ‘‘straight line’ path, now referred to as the 
“R.T.C.A. Path” (Fig. 9), is one also operating on a 
uniform or constant signal strength but produced by a 
special antenna system 1300 feet off the side of the run- 


way. Its pattern of radiation is adjusted to give the 
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correct signal in each direction so as to produce a path 
which is essentially straight from 6 miles to near the 
point of contact. Near the point of contact the path 
curves slightly to cause reduction in the rate of descent 
to prepare the airplane for an easy landing. The 
R.T.C.A. path has the advantage of less curvature and 
an advanced point of contact. The scheme for produc- 
ing such a path was presented by the International 
Telephone Development Company during the period of 
the government contact. 

The markers constitute the third element of the sys- 
tem. These are small five-watt 75-megacycle trans- 
mitters with dipole antennas and screen counterpoises 
(Fig. 10). Their purpose is to produce vertical radio 
beams to act as sign posts along the localizer course. 
The outer markers are modulated at an audio frequency 
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Fic. 9. Relative horizontal radiation patterns and their 
respective positions on the airport for the curved and the 
R.T.C.A. glide path stations. 





Fic. 10. Northeast inner marker station. 
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marker modulation is keyed in relatively long dashes 
while the inner marker is keyed in short dots. The 
signals from these markers are heard in the pilot’s 
headphones and at the same time they cause marker 
signal lamps on the instrument panel of the airplane to 
flash in step with the modulation keying of the trans- 
mitter. A purple light is used for the outer marker 
signals and an amber lamp is used for the inner marker 
signals. Since the marker signals are radiated verti- 
cally they are received only when the airplane is over 
the marker station and therefore serve as accurate check 
points to the pilot, making it possible to cross-check his 
altimeter with the landing path during approach, and 
indicating when he has passed over the boundary of the 
airport. 

All of the transmitting equipment has been designed 
to operate under variations of temperature from —40° 
to +60°C. with a minimum of variation in output. All 
of the equipment has been tested over this range of 
temperatures and with a humidity of 95 per cent. As 
an additional safeguard against variations each trans- 
mitter has an automatic line voltage regulator which 
operates instantly and without moving parts. It holds 
the transmitter input voltage constant within 2 per cent 
for line voltage changes from 190 to 250 volts. 

Power to operate the various stations on the airport 
is obtained through special 2300 volt underground ca- 
bles extended from the airport administration building. 
There are two sources of supply available as a safeguard 
against power-line failure. The outer marker stations 
obtain their power from the nearest service line. 

Telephone cables have been extended to each of the 
sixteen stations over which control and monitoring sig- 
nals are carried. The control circuits operate at 48 
volts d.c. and all monitoring signals are audio frequen- 
cies obtained directly from transmitter output moni- 
tors. Telephone communication over the control wires 
is provided. 

The monitor and control desk which provides super- 
visory control is located in the airport tower (Fig. 11). 
Through the use of a selector switch any one of the four 
directions of approach may be selected and the stations 





Fic. 11. Control desk for instrument landing system at 
Indianapolis control tower. 
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associated with the selected approach are indicated by 
small lights on a miniature airport layout on the surface 
of the desk. The relative output of each transmitter is 
indicated directly on instruments on the desk. A 
graphic recorder is located at the front of the desk and 
when the system is in operation this recorder keeps a 
record of the monitor signal from each transmitter and 
indicates which direction of approach was in operation. 
An accurate time marking system records hour and 
minute intervals on the margin of the record paper. <A 
thermionic alarm system is associated with the recorder 
so that failure of any equipment is automatically indi- 
cated to the tower operator. 

The receiving equipment used with the system has 
been given particular attention to insure stability and 
accuracy (Fig. 12). It has been tested under the rigor- 





Fic. 12. Localizer and glide path receivers for instrument 
landing. (Bell Telephone Laboratories photo.) 


ous conditions applied to the conventional airline radio 
equipment for certification under the C.A.A. regula- 
tions. The receivers operate within satisfactory limits 
throughout the temperature range of —40° to +50°C., 
and are subjected to a relative humidity of 90 per cent. 
The localizer receiver, upon which rests the task of 
balancing the signals received from the two ‘‘bean 
patterns of the localizer and to indicate the exact center- 
line of the runway, has been provided with balanced 90 
and 150 cycle filters and rectifiers that remain essentially 
balanced under wide ranges of signal voltage. An 
accurate automatic gain control holds the filter voltage 
within about | db. for all input signals. The vertical 
pointer instrument (Fig. 13) which is operated from this 


i) 


receiver changes its deflection only 1.5°, slightly more 


aalgoes 





Fic. 13. Instrument panel on C.A.A. test plane NC-17 
showing cross pointer instrument at the center 
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than a pointer width, for all variations of receiver input 
signal. For battery voltage changes from 10 to 15 
volts it varies only 0.6° and from —40° to +60° ambi- 
ent temperature the variation is only about + degrees. 

The glide path receiver, since it is essentially a level 
measuring device, must be held reasonably constant in 
sensitivity over long periods of time and under wide 
variations of conditions. Compensating devices are 
used in this receiver to correct for both battery voltage 
and temperature changes. The horizontal pointer of 
the cross pointer instrument to which this receiver is 
connected varies only =3° from its normal horizontal 
position for battery voltage changes of from 10 to 15 
volts or for ambient temperature changes from —40 to 
+60°C. This 3-degree variation of pointer deflection 
is equivalent to a variation of about 100 feet in the 
point of contact on the runway. 

The inarker signals used in the system are received in 
the same receiver as the airlines are now using for recep- 
tion of Fan and Z type airways markers. Separate 
filters are included in the receiver for these signals. 

The receiving antenna used for the localizer and glide 
path receiver is of special interest because both receivers 
are operated from it and it is tuned to both frequencies 
(109.9 and 93.9 megacycles) at the same time. It con- 
sists of a circular loop of tubing (Fig. 14) open at one 
end and connected at the other end through a radio 
transmission line to a tuning unit inside the airplane. 
The circuit to the localizer receiver is connected so that 
it has no effect whether normal, short circuited, or 
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Retractable loop receiving antenna installed on a 
transport airplane. 


otherwise detuned, on the signal in the glide path re- 
ceiver. The pattern of this receiving antenna is essen- 
tially circular in free space but distorted slightly when 
installed on an airplane. 

The localizer receiver approximately 22 
pounds and the glide path receiver 14.6 pounds. These 
weights are exclusive of cable and mounting weights. 
Each receiver requires about 4.5 amperes from the air- 
craft 12-volt supply circuit. 

Summarizing the status of instrument landing, it is 
evident that many of the obstacles standing in the way 
of its commercial use have been removed as a result of 
this particular development contract. Sufficient data 
have been secured to predict satisfactory operation of 
the several proposed pilot training installations through- 
out the country. After the period of pilot training on 
these installations has ended and after all modifications 


weighs 22 


indicated as essential are completed, instrument landing 
will be ready for commercial use. 
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Schriften der Deutschen Akademie der Luftfahrtforschung; 
R. Oldenbourg, Miinchen (German). 

The following technical proceedings of recent meetings of the 
Deutsche Akademie der Luftfahrtforschung have been received. 
In addition to the articles, the titles of which are translated below, 
these contain short digests of the discussions. 

Heft 3; On the Lowest Attainable Temperature, by Peter Debye 
(8 pages, $0.20). 

Heft 4; Structure of Metals, by Peter Debye; and A pplication 
of Scientific Knowledge to Technical Problems in the Science of 
Metals, by Georg Masing (50 pages, $1.25). 

Heft On Some Dynamic Problems of Piston Engines, by 
Richard Grammel; Vibrations of the Engine-Propeller System, 
by Karl Liirenbaum; and Brief Report on Publications Relative 
to the Measuring-Instruments Problem, Research Data Desired by 
the Technician, by Franz Neugebauer (66 pages, $1.65). 

Heft 6; Introduction to the Reports of Baron von Handel and of 
Hans Plendl, by A. Esau; Problems and Status of Blind Landing, 
by Baron Paul von Handel; and On the Purpose and Results of 
Several Years of Observation of the Ionosphere, by Hans Plendl (93 


5; 


pages, $2.42). 

Heft 7; Propagation of the Sound of High Speed Bodies, by 
Ludwig Prandtl (14 pages, $0.36) 

Heft 8; Some More Recent Optical Researches, by Robert W. 
Pohl (14 pages, $0.36). 

Heft 10; Practical Physical Construction of an Acoustical Aerial 
Sounding Device, by Heinrich Hecht; Brief Report on Researches 
in Acoustics, by Robert W. Pohl; and New Optical Methods of 


Examining the Sound Waves of a Sound Source, by Egon Hiede- 
mann (38 pages, $1.00) 

Heft 11; Physical Method for the Determination of Oxygen, by 
Hermann Rein (7 pages, $0.20). 

Heft 13; Biological Problems of High Speed Flight, by Sieg- 
fried Ruff (21 pages, $1.78). 

Heft 14; 
Heinrich Helmbold (14 pages, $0.36) 


Resistance Problem of Aircraft Engine Cooling, by 


Lighter than Air, by SrEPHEN WILKINSON; Arthur H. Stock 
well, Ltd., London, 1939; 203 pages, 6s. 

Captain Wilkinson has written an interesting and amusing 
account of his experiences in the Lighter-than-Air service of the 
R.F.C. during the first World War. 

The story begins in India where the author was stationed at 
the outbreak of hostilities. He returned immediately to England 
where, after being shunted from one service to another, he be 
He gives in non-technical 
the 


came a balloon observer and pilot. 
language the 
operation of free and captive balloons. 


essential information on construction and 

The book is rich in anecdote; his description of a free balloon 
flight in which he was aloft for an hour and three-quarters and 
landed within a few feet of his take-off position is of technical 
interest as well. The accounts of narrow escapes by himself 
and others and of the methods used to circumvent regulations 
are absorbing. Many of the incidents described serve as lessons 


in the art of handling free and captive. balloons. 





An Instrument for Measuring Low Frequency 
Accelerations in Flight 


C. S. DRAPER anp WALTER WRIGLEY 





Massachusetts Institute of Technology 


ABSTRACT 


Instruments for measuring the vibratory motions and strains 
which are directly associated with power plant operation in air- 
craft have been in service use for some time but equipment for 
studying the low frequency, high amplitude motions of wings and 
control surfaces has not been generally available. The measure- 
ment of such motions introduces certain problems of instrument 
design which are discussed in the present paper. An instrument 
which offers a practical solution of these problems is described 
and the results of performance tests are discussed. 

A seismographic system consisting of a mass connected to the 
vibrating member by means of an elastic coupling and a damper 
is an essential part of an instrument for measuring vibration in 
The performance characteristics of such systems are 
By means of 


aircraft. 
discussed with the aid of non-dimensional curves. 
these curves the frequency ranges for satisfactory operation of in- 
struments for measuring vibratory displacements, velocities, 
and accelerations can be quantitatively determined for various 
degrees of damping. It is shown that an accelerometer is the 
most suitable type of equipment for measuring low-frequency, 
high-amplitude vibrations. 

The experimental accelerometer developed during the work 
reported in the present paper uses an oil damped seismographic 
system with an effective natural frequency of about fifty cycles 
per second. A variable reluctance system changes the induct- 
ance of two coils used as arms of an inductance bridge and thus 
controls the bridge output. The bridge is supplied from a 600- 
cycle, governor-controlled, motor generator set and feeds into a 
vacuum tube amplifier which in turn operates an oscillograph. 
The accelerometer operates with substantially constant sensi- 
tivity from zero frequency up to some high-frequency limit which 
depends upon the damping medium and may be as high as 
thirty cycles per second under proper conditions. A table is 
given which summarizes the effect of oil temperature and viscos- 
ity on the operating range. 


INTRODUCTION 


IBRATION measurements in flight have come to 

be an essential part of the test procedure in de- 
veloping a new aircraft or improving designs already in 
service. Five years ago, when the Bureau of Aero- 
nautics of the United States Navy sponsored the de- 
velopment of electrical measuring equipment at the 
Massachusetts Institute of Technology,'** interest 
was particularly directed toward vibrations produced 
by power plant operation. The motions involved were 
generally some fraction of an inch in amplitude and 
above fifteen cycles per second in frequency. The ap- 
paratus developed during the Navy-M.I.T. project 
was later improved by the Sperry Gyroscope Company 
and made available as the Sperry-M.I.T. equipment for 


Presented at the Instruments Session, Eighth Annual Meeting, 
I.Ae.S., New York, January 25, 1940. 


388 


measuring vibration. This equipment has been found 
useful not only for research purposes*® but also for 
routine test use in military and commercial power 
plant laboratories. At the present time several con- 
cerns besides the Sperry Company supply portable 
test equipment suitable for direct measurement of 
power plant frequencies and amplitudes.*”** In sev- 
eral instances the apparatus can be made to record 
either vibratory displacement or vibratory velocity as 
desired by the operator, but the range of satisfactory 
performance usually has a high limit on amplitudes and 
a low limit on frequencies. These limits have the same 
order of magnitude in all the cases for which engineer- 
ing data are available. 

Measurements of vibratory strains are valuable 
from the standpoint of structural design especially in 
the field of aircraft propellers. For this reason con- 
siderable effort has been expended on the develop- 
ment of strain gages small enough and rugged enough to 
give reliable vibration measurements on propellers 
under service conditions. Various instruments have 
been tested and at the present time the carbon resist- 
ance strip method”™:"! has given a satisfactory solution 
to the problem. In addition to the carbon resistance 
strips, various electrical schemes similar to that used 
in an electromagnetic instrument developed by the 
Sperry Company for measuring strains*® are available 
for studying structural strains, so this phase of the 
general problem can be considered as solved from a 
practical standpoint. 

Motions of aircraft wings and control surfaces pro- 
duced by air currents, maneuvers, or flutter conditions 
often involve frequency components which are below 
the limit of satisfactory operation for conventional in- 
struments designed to measure vibratory displacements 
or velocities. A second difficulty is that the displace- 
ments accompanying such motions may be several 
inches in vibratory amplitude. A self-contained in- 
strument to measure these vibratory displacements 
directly might be constructed but it would be exces- 
sively large and completely unable to handle the dis- 
placements accompanying maneuvers. On the other 
hand, an instrument actuated by acceleration can be 
designed to meet reasonable size and weight specifi- 
cations without limitations either on displacements or 
the low end of the frequency range. This fact has been 
recognized for some time by engineers concerned with 
flight testing and studies of flutter. Existing acceler- 
ometers were found to be unsuitable for aircraft work and 
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it is generally known that several projects leading to- 
ward the development of acceleration measuring in- 
struments have been in progress for some time. Of 
these investigations only the work of Bruderlin’’ at the 
Douglas Aircraft Company has so far resulted in a 
publication describing an instrument. 

The paper which follows contains a discussion of 
the general principles used in conventional vibration 
measuring systems and describes the construction and 
tests of the accelerometer designed in the Instrument 
Laboratory at M.I.T. 


FUNDAMENTAL CHARACTERISTICS OF SEISMOGRAPHIC 
SYSTEMS IN INSTRUMENTS FOR MEASURING VIBRATION 


Measurements of vibratory displacements are sim- 
ple when a stationary reference point is available near 
the subject member whose motion is to be studied. 
It is only necessary to provide a means for indicating 
or recording the relative motion between the reference 
point and the subject member in order to study vibra- 
tory motion of this member. When a reference point 
such as a fixed bench or wall is available and the vibra- 
tory frequency is not too high the required apparatus 
can be no more complicated than the conventional dial 
gage. A non-vibrating point is usually not available 
when measureménts are to be carried out in aircraft, 
so any instrument intended for such use must operate 
without an external reference. The self-contained de- 
vices which have been found satisfactory for measuring 
vibratory displacements, velocities, or accelerations 
have been of the seismographic type, so called from 
their similarity to the instruments for studying earth 
tremors. 

Reduced to its elements a seismographic system con- 
sists of a mass which will be called the “seismic ele- 
ment’’ connected by means of an “elastic coupling” 
and a ‘‘damper”’ to the member whose motion is to be 
observed. When the spring and damper are so weak 
that no vibration is transmitted through the coupling 
system the seismic element can be used as the reference 
point for measuring vibratory displacements. When 
the force due to the damper is proportional to the rela- 
tive velocity between its ends and has the proper rela- 
tionship with the inertia and elastic forces, the relative 
displacement between the seismic element and the 
subject member will be proportional to the velocity of 
the latter. Finally, when the force due to the elastic 
coupling is large compared to the inertia and damping 
forces the relative displacement between the seismic 
element and the subject member will be a measure of 
the acceleration of this member. These facts have been 
known for many years and have been discussed mathe- 
matically in several articles and textbooks.'* +» 
There is nothing that the present paper can add to the 
fundamental theory, but the essential information on 
seismographic systems will be summarized in a quan- 
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titative manner as a series of curves plotted in terms 
of non-dimensional variables. These curves are help- 
ful in discussions of vibration measuring devices and 
very useful for design purposes. 

Seismographic systems can be made to measure vi- 
brations simultaneously in more than one direction, but 
such devices can be considered as combinations of 
simpler systems which are sensitive to motion in ‘one 
direction only. When the seismic element is restricted 
to motion in one direction the seismographic system 
acts as a system with a single degree of freedom and falls 
in the category of devices which are called ‘‘elementary 
instruments.” 

The generalized analysis of elementary instruments 
has been discussed by one of the present writers and col- 
laborators in recent articles. '* An elemettary in- 
strument is considered in terms of three component 
parts: (1) the “converter” which receives changes in 
the ‘“‘actuating quantity’ and produces corresponding 
changes in some other quantity which may or may not 
have the same dimensions as the actuating quantity; 
(2) the “indicating system’’ which controls the posi- 
tion of an ‘‘index’’ in accordance with changes received 
from the converter; and (3) the ‘‘scale’’ which relates 
changes in the index position to changes in the actuat- 
ing quantity. In practice changes in the index posi- 
tion may be related to changes in the actuating quan- 
tity by means of a calibration plot or tabulation of data, 
but whatever system is used, it performs the function 
of a scale and will be referred to as such. 

For convenience the seismographic system will be 
considered as the converter of a vibration measuring 
instrument in the sense that it converts some vibratory 
displacement, velocity, or acceleration into relative 
motion between parts within the instrument, which 
motion in turn operates the indicating system. The 
block diagrams of Fig. 1 show the essential quantities in- 
volved in the analysis of instruments for measuring 
vibrations. A vibratory displacement, x, or one of its 
first two derivatives with respect to time is considered 
as the actuating quantity. The final output of the 
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Fic. 1. Essential parts of vibration measuring instruments 
which operate without integration or differentiation in the 
indicating system. Note: Scale sensitivity may be expressed 
in terms of instantaneous or average values of the actuating 
quantity, depending upon the design of the indicating system. 








JOURNAL OF THE 


5390 
instrument is a scale reading in terms of the actuating 
quantity. 

Fig. 2 shows schematically the essential mechanical 
parts of the converter and indicates that the output of 
the converter is a relative displacement, y, between the 
seismic element and the ‘‘supporting element’”’ which is 


rigidly attached to the subject member whose vibra- 
tion is to be studied. ‘‘Vibrometers’’ (instruments for 
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Schematic diagram showing essential parts of 
the converter in a vibration pick-up using the seismographic 
principle. 
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Fic. 2. 


Displacement of subject member. 
Relative displacement of seismic element with 
respect to supporting element. 


iil 


¥ 


m = Mass of seismic element (inertia reaction 
force = —m(jy + #)). 

c = Coefficient of damping (damping force = —Cy). 

k = Coefficient of elastic coupling (elastic force 
= — Ry). 

+ F = Coulomb friction between seismic element and 
supporting element. 

> P i : 

Equation of relative motion: ¥ + - +ky +—= —X. 

" m 


measuring vibratory displacements), ‘‘Velocimeters’’ 
(instruments for measuring vibratory velocities), and 
‘Accelerometers’ (instruments for measuring vibra- 
tory accelerations) all contain converters which supply 
relative motion, which in turn operates the indicating 
system. In some cases the indicating system may in- 
clude means for differentiating, so that a converter 
supplying relative motion equal to vibratory displace- 
ments can be used in a velocimeter or an accelerometer. 
It is also often true that the output from a converter 
of the vibrometer type is differentiated and then inte- 
grated in the indicating system. Iristruments in which 
the indicating system has the net effect of differentiat- 
ing or integrating are excluded from the present discus- 
sion which deals primarily with the performance of 
seismographic systems. 

Instruments used for studying vibration in aircraft 
are usually physically divided into “‘pick-ups,’’ which are 
so small in size and mass that they can be mounted on 
light subject members, and a central installation which 
includes an indicating system for each of a number of 
pick-ups. The converter is part of the pick-up and 
must be constructed to withstand severe conditions of 
temperature and vibration. Each pick-up is designed 
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to be actuated by vibratory displacements along a 
single direction. In practice pick-ups may be sub- 
jected to severe vibration in directions perpendicular to 
the axis along which motion is to be measured. Ex- 
perience has shown that spring systems sufficiently 
flexible in the direction of the actuating motion will 
often not be able to withstand transverse vibration 
without allowing the seismic element to come into im- 
proper contact with other parts of the pick-up. For 
this reason it has often been found necessary to in- 
corporate a supporting element in the system which re- 
stricts the motion of the seismic element to a single 
direction. The friction which exists between the seis- 
mic element and the supporting element can be mini- 
mized by careful mechanical design and construction but 
always has some residual value which requires that a 
Coulomb friction term be included in the equation of 
motion. The general equation for relative motion be- 
tween the seismic element and the supporting element 
is given in Fig. 2 with the various assumptions indi- 
cated. 

In practice, the effect of Coulomb friction is to pre- 
vent relative motion between the seismic element and 
the supporting element, until the acceleration of the 
subject member exceeds some minimum value, and to 
change the response motion somewhat until the ex- 
citing accelerations become large compared to the 
accelerations required to produce “‘breakaway”’ of the 
seismic element. When this latter condition is ful- 
filled the Coulomb friction term may be dropped from 
the equation of motion. Methods useful for studying 
the behavior of systems affected by Coulomb friction 
are given by Den Hartog.” In the analysis which 
follows it will be assumed that Coulomb friction effects 
either are made negligible in the construction of the 
converter or that the conditions of operation are away 
from the range where friction of this type is important. 


THEORETICAL RESPONSE OF A SEISMOGRAPHIC SYSTEM 
TO PERIODIC ExcITING MOTIONS 


The displacement accompanying any periodic mo- 
tion of a subject member can be expressed as a func- 
tion of time in a Fourier series of the form - 


az=® 
x= >> x,,.cos (awyt — Ya) (1) 
a=1 
Where 
wp, = 2xny, = 2x(frequency of fundamental) 
a = order of the harmonic of frequency an,, 
Xaq = amplitude of the harmonic of order a 
Ya = phase angle of the harmonic of order a with 


respect to the fundamental 


In practice many motions of the subject member will 
not be periodic in the sense that Eq. (1) will be an exact 
representation of the displacement, but results of suf- 
ficient accuracy for engineering purposes can often be 
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obtained by using an exact mathematical analysis of a 
Fourier series which only approximates the physical 
facts. When the actual displacement goes through a 
number of ‘‘periods’’ of the fundamental in which the 
differences between displacements at corresponding 
points on the wave are not too great for successive 
periods, the problem can be treated in terms of steady 
state vibration theory. Sucha treatment also requires 
the assumption that damping in the converter is great 
enough to remove substantially all natural frequency 
transient effects in the seismographic system. It is 
known":".8 that such transient effects will be prac- 
tically eliminated if the damping coefficient is greater 
than two-tenths of that which would be required to pro- 
duce critical damping. 

In order to take advantage of the well known mathe- 
matical methods which are so useful in vibration analy- 
sis and alternating current theory it is necessary to ac- 
cept the inaccuracies arising’ from the approximate 
nature of the Fourier series representation and the 
neglect of natural frequency transient effects. Aside 
from these factors the analytical results will be satis- 
factory if the mass, elastic coefficient, and damping co- 
efficient of the parts in the seismographic system are 
constant throughout any motion which may take place. 
In practice it is found that an approximate answer in a 
convenient mathematical form is more useful for engi- 
neering purposes than an exact result in an unwieldy 
mathematical representation. The treatment which 
appears below will be subject to the assumptions noted 
above. 

It is shown in texts on vibration theory'*” that when 
a periodic exciting motion, x, is applied to the support- 
ing element of Fig. 2 the resulting response, y, in terms 
of relative motion between the seismic element and the 
supporting element can be given in the form of a 
Fourier series. This series will have a component to 
match each harmonic in the exciting motion. These 
components in the response will have frequencies equal 
to the matching harmonic in the exciting motion but in 
general will be different in amplitude and in phase 
with respect to the fundamental. These phase differ- 
ences between corresponding harmonics in the response 
and exciting motion represent a ‘‘time delay’ which 
varies in a systematic manner between successive har- 
monics. In mathematical form the response to a 
given exciting motion can be written as 


a -) 


Yaa COS (awyt aad Va vi Pa) (2) 
1 


1 
™M 


a 


Under the assumption that the seismographic system is 
linear the relationship between a component of given 
frequency in the exciting motion and its counterpart 
in the response can be found by studying the case of a 
simple sinusoidal motion of frequency ; = aw, and 
amplitude x, = x,,. The phase angle of the harmonic 
with respect to the fundamental in the exciting motion 
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plays no essential part in the response motion to a given 
component and will be omitted when one component is 
considered alone. 

Conventional methods of analysis'** lead to an ex- 
pression for the response of a seismographic system to a 
simple harmonic exciting motion which can be written 
in the non-dimensional form given in the upper part of 
Table 1. This result can be used to find the “con- 
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Summary of analytical results for performance of seismo- 
graphic system as converter for vibration equipment. The 
general expression for the response of a seismographic system 
to a simple harmonic exciting motion is given at the top of the 
table. 


of the seismographic system in the 
By defini- 


verter sensitivity” 
special case of simple harmonic excitation. 
tion, the converter sensitivity in any case is the ratio 
of the differential change in relative motion, dy, to a 
differential change in the actuating quantity. Three 
important actuating quantities occur from the stand- 
point of vibration analysis, viz., displacement, velocity, 
and acceleration, and thus corresponding to these actu- 
ating quantities there will be three converter sensitivi- 
ties. 

The calculation of these sensitivities is a straight- 
forward matter of differentiation, and the results are 
given in Table 1 under the headings of vibrometer, 
velocimeter, and accelerometer, respectively. 

To be satisfactory for practical purposes the con- 
verter of a given pick-up must have a constant sensi- 
tivity for one of the three quantities associated with 
vibration over a range which includes all the frequen- 
cies present in the exciting motion (this assumes that the 
indicating system will have a constant sensitivity 
throughout the range of operation). The conditions 
which limit the frequency range for each type of pick-up 
unit and the actual values of the converter sensitivities 
are given in Table 1. All the relationships of Table | 
are expressed in terms of two non-dimensional parame- 
ters: the frequency ratio 8, which is the ratio of the 
exciting frequency to the undamped natural frequency 
of the seismographic system, and the damping ratio ¢, 
which is the ratio of the actual damping coefficient to 
the damping coefficient required to produce critical 
damping. 
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Table 1 shows that the magnitude of each of the three 
converter sensitivities can be expressed in terms of 6?u 
where yu is a given function of f and 8. The converter 
sensitivity of a vibrometer (displacement meter) has a 
magnitude of 62u which becomes equal to unity in a 
perfect instrument. The converter sensitivity of a 
velocimeter (velocity meter) has a magnitude of 
Bu/w, and should be equal to 1/2fw, for perfect operation. 
The magnitude of converter sensitivity of an ac- 
celerometer is equal to u/w,? and becomes 1/w,? in a 
perfect instrument. In addition to magnitude, which 
gives the ratio between the amplitude of the relative 
displacement and the amplitude of the actuating quan- 
tity there is a phase angle associated with each of the 
sensitivities which means that there will be a certain 
time delay for each Fourier component. The effect 
of this time delay on the indications of vibration meas- 
uring instruments will be considered later. 

Table 1 shows that a seismographic system has a low- 
frequency limit for perfect operation in a vibrometer 
pick-up; high- and low-frequency limits for operation 
in a velocimeter, and a high-frequency limit for opera- 
tion in an accelerometer. To facilitate the accurate 
determination of these frequency limits for use in design 
or for writing performance specifications, non-dimen- 
sional curves can be plotted which show the relation- 
ships between the essential variables. A general sur- 
vey showing the three types of performance of a seismo- 
graphic system can be conveniently made from the 
family of curves plotted in Fig. 3. For these curves 
the logarithm of 6%u is used as the ordinate and the 
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logarithm of 8 is taken as the abscissa. Each curve 
of the family is plotted for a constant value of the 
damping ratio, ¢. The logarithmic scales are con- 
venient because the three different regions of operation 
correspond to straight lines. In the accelerometer range 
the curve of §*y is a single line with a positive slope 
of two. Over the velocimeter range many curves are 
possible but each curve must have a slope of unity on 
the log-log plot. In general the width of the frequency 
range for satisfactory velocimeter operation increases 
as the damping ratio is increased. In the vibrometer 
range slope of the "4 curve must be zero and the ab- 
solute value of this quantity must be unity. 


TIME DELAY EFFECTS 


The results summarized in Table 1 show that the 
response of a seismographic system to a sinusoidal 
forcing motion differs from the forcing motion by a 
lag angle, y, and a change in the amplitude. The 
presence of the lag angle means that a given point on the 
response curve occurs at a later instant than the corre- 
sponding point on the curve of the exciting motion. 
The general equation for the response has the form 


Y = Yq COS (wt — ¢) (3) 


The lag angle is related to the “time delay,” ¢,, by the 
equation 


(4) 


which is in effect a definition of time delay. When this 
expression for time delay is substituted in Eq. (3) it 
follows that the curve of the response motion is similar 
to the curve of the exciting motion x = x, Cos wyt 
but is shifted along the time axis by an interval equal to 
the time delay. 

Fig. 4 shows the way in which the angle varies with 
the frequency ratio for constant values of the damping 
ratio. In the region of low values of the frequency ratio 
corresponding to the accelerometer range as indicated 
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Fic. 4. Lag angle as a function of frequency ratio for 
a seismographic system. 
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in Fig. 3, the angle ¢ becomes greater with increasing 8 
in a fashion which is approximately linear for all 
values of the damping ratio. On either side of 8 = 1, 
with a sufficiently high damping ratio, the angle ¢ is 
approximately equal to 90°. These conditions corre- 
spond to the operating range of a velocimeter (see 
Fig. 3). For the large values of 8 existing in the vi- 
brometer range the lag angle approaches one hundred 
and eighty degrees. 

Over the frequency ranges within which the three 
types of converter sensitivity can be considered as con- 
stant for sinusoidal excitations the differential rela- 
tions represented by the converter sensitivities given 
in Table 1 can be integrated to obtain the following re- 
lationships between the actuating quantities and the 
response of a seismographic system: 


(1) Vibrometer range 


y = x, cos (wt — gyis) (6) 
(2) Velocimeter range 
¥ = (X%,/2WFw,) COS (wt — Grex, — 7/2) (7) 
(3) Accelerometer range 
y = (dq/e%2) c08 (cyt — Gece. — 7) (8) 


The phase relations between the actuating quanti- 
ties and the response are shown in the vector diagram of 
Fig. 5. Taking the displacement of the exciting motion 
as the reference for measurement of phase angles, veloc- 
ity and acceleration will be, respectively, 90° and 
180° ahead of the displacement. The response vectors 
plotted from Eqs. (6), (7), and (8) are shown dotted. 
These vectors are located in the proper regions accord- 
ing to the magnitudes of the phase angles for the three 
types of operation as shown in Fig. 4. In each case the 
response vector is approximately 180° out of phase with 
the corresponding vector for the actuating quantity. 
This means that in terms of the relative motion scale a 
plot of the response as a function of time will be, except 
for a shift along the time scale, similar to a mirror image 
of the actuating quantity. From the standpoint of 
operation, the effect of a phase shift of 180° can always 
be eliminated by designing a feature equivalent to an 
interchange of electrical connections into the indicating 
system. It follows that the essential phase angle so far 
as time delay is concerned will be the difference be- 
tween the position of the actual response vector and a 
vector directly out of phase with the actuating quantity. 
The values of the time delay for each of the types of 
operation are given in Table 1 with the component due 
to the lag angle in the seismographic system separated 
from the component due to the difference in phase be- 
tween the actuating quantity and the exciting dis- 
placement. 
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PERFORMANCE OF A VIBROMETER 


Fig. 3 shows that from the standpoint of magnitude a 
seismographic system with a damping ratio of about 
0.7 will act as a substantially perfect vibrometer for all 
frequencies higher than that corresponding to a fre- 
quency ratio of 2. On the other hand, the curve for 
¢ = 0.7 in Fig. 4 indicates that the angle corresponding 
to the time delay for 6 = 2 will be over 40 degrees. 
For a vibration which contains a single frequency this 
lag angle would make no essential difference. On the 
other hand if the exciting motion contains higher har- 
monics in addition to the fundamental the response of 
the converter when plotted as a function of time will 
have a different shape from the curve of the actuating 
quantity due to the fact that the time delay for a given 
harmonic depends on the order of the harmonic. In 
mathematical terms the equation of the response will be 


Y = Xq1 COS (wyt — G1) + XqqCOS (wet — Yo — G2) +..... 

Becta + Xeq COS (awpt — Ya — Ga) +..--- (9) 
The vector diagram of Fig. 5 shows that the essential 
time delay will be associated with the angle r — ¢ 


for each one of the harmonics. To introduce this angle 
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Fic. 5. Vector diagram showing phase relations between 
sinusoidal actuating quantities and response in seismographic 
system. @pis., OVel., PAce. = lag angles associated with the 
response, y, to steady state sinusoidal variations in displace- 
ment, velocity, and acceleration, respectively. Note: The 
response, y, is approximately one-half cycle out of phase in 
each case. A half-cycle phase shift can be eliminated by the 
design of the indicating system. For this reason time delay 
can be associated with (+ — @pis.), (r/2 — dvet.), and Pace. for 
operation in vibrometer, velocimeter, and accelerometer 
ranges, respectively. 


in Eq. (9) add and subtract x from each one of the argu- 
ments. After the sign of each term is reversed to ac- 
count for the effect of one 7 in each argument the series 
becomes 
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Y = — Xq, COS (wy t + [tr — gil) — Xa2 Cos (2wp, t — 
Yo-+ [rt — ml) — ..... 
Po detec — Leq C08 (axant — ¥. + [x — gal) —...-. (10) 
The time delay for the term of order a will be* 
tia = (7 — ¥q)/amp = (7 — Ga)/aBw, (11) 


Using this relationship the series of Eq. (10) becomes 


Y = — Xq, cos (wp [t + tun]) — Xa2 Cos (Quy [¢ + tao] — 
v2) — ..... 
sr Nts oni — Xeq COS (awy, [t + tga] — Ya) — ..---- (12) 


In order for the output of the converter to be similar in 
shape to the exciting motion represented by Eq. (1) 
the time argument for all harmonics must be the same 
after the time delay correction has been applied. 
This corresponds to a simple shift of the complete re- 
sponse curve along the time axis. The curves of Fig. 
4 show that the lag angle approaches 180° as the fre- 
quency ratio increases. From this fact and Eq. (11) 
it follows that the time delay for a component of suf- 
ficiently high order (8 = af; is large enough) will have 
a negligibly small value. This means that in the vi- 
brometer range the output of the converter will not be a 
true representation of the exciting motion unless the 
fundamental of this motion corresponds to a sufficiently 
high-frequency ratio. The worst inaccuracies will be 
due to the difference in time delay between the funda- 
mental of the applied motion and the next higher order 
component; so that vibrometers should be designed to 
operate with the highest possible value of 8 for the lowest 
frequency present in the exciting motion. Fig. 6 gives a 
series of plots showing the “‘specific delay angle’ defined 
as B\w,lia for various values of the harmonic order a. 
Each plot is based on a fixed value of the frequency ratio 
corresponding to the fundamental in the exciting mo- 
tion. A rapid decrease in the time delay for the higher 
frequency components of the exciting motion is appar- 
ent. 

A summary of the performance characteristics of a 
seismographic system operating in the vibrometer range 
shows that: ' 

(1) Amplitude distortion will be less than +10 per 
cent if the system has between 0.5 and 0.8 of critical 
damping and the lowest frequency in the exciting mo- 
tion is not less than twice the undamped natural fre- 
quency of the system. There is no upper frequency 
limit of operation. 

(2) Distortion due to difference in time delay of the 
components in the response will be most serious between 
the fundamental and the next higher component. The 


* It is to be noted that the assumed phase reversal correspond- 
ing to a change of w in the argument changes an actual time de- 


lay of approximately one-half cycle to a “negative time lag’’ or 


“time lead”’ of tag. 
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magnitude of time delay in any given case can be con- 
veniently found by means of the plots given above. 


PERFORMANCE OF A VELOCIMETER 


One essential characteristic of a seismographic system 
in the velocimeter range is that curves of 8?4 must have 
a slope of unity when plots of this variable against @ are 
made on a log-log scale. Fig. 3 shows that the velocime- 
ter range occurs in the region near 6 equal to unity 
and is very limited until the seismographic system has 
more than twice critical damping. The range has both 
an upper and a lower frequency limit. A study of the 
velocimeter range is made easier by the curves of Fig. 7. 
In these curves the values of 6 are taken for the abscissa 
scale and the ordinates are so chosen that the operating 
range of a perfect velocimeter corresponds to the region 
over which a curve plotted for a constant value of ¢ has 
zero Slope. The operating limits for a perfect velocime- 
ter spread apart on the 6 scale as the damping ratio 
is increased. When the damping ratio is equal to 10 
the lower limit of the frequency ratio is about 0.2 and 
the upper limit is about 5. The time delay in this fre- 
quency range will correspond to variations in the lag 
angle ¢ on either side of r/2. Time delay effects in the 
velocimeter range can be studied by a method similar to 
that already applied in the case of the vibrometer. 

The analysis outlined above shows that it should be 
possible to construct a seismographic system giving 
relative displacements proportional to the exciting veloc- 





tue: TIME DELAY 
Wn =21T(UNDAMPED NATURAL FREQUENCY 
OF SEISMOGRAPHIG SYSTEM) 










@, =FREQUENCY RATIO CORRESPONDING 
TO THE FUNDAMENTAL OF THE 
EXCITING MOTION 

M- $,,, = TAN-2§@AI-@) 


f+—ACTUAL DAMPING COEFF. 
CRITICAL DAMPING COEFF. 

B- EXCITING FREQ. 
*“UNDAMPED NAT. FREQ. OF SEIS. SYS. _ 












= SPECIFIC DELAY ANGLE (RADIANS) 


T= ys 











Ol 
: a 
3 
oe 
Q-9/ 
B=10 
a7 NST L468 6/40 
ool = 
| 2 3 a 5 6 7 8 9 10 
oc -ORDER OF HARMONIC OF THE EXCITING MOTION 
Fic. 6. Specific delay angle as a function of the order of 


harmonic of the exciting motion for a vibrometer with seven- 
tenths of critical damping. 
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ity. The authors have no knowledge of a commercial 


instrument built upon this principle although Bruder- 
lin’? notes that such a device has been suggested by 
D. P. Loye of Electrical Research Products, Inc. Aside 
from the problem of obtaining sufficient linear damping 
in rugged structures of small size, it seems likely that 
transient effects in the seismic system of a velocimeter 
would be troublesome because of the relatively long 
time intervals required to reach a steady state condition. 
To balance against these difficulties a velocimeter would 
have the definite advantage of operating both above 
and below its undamped natural frequency, so a system 
with an undamped natural frequency of six cycles per 
second and a damping ratio of ten would be satisfac- 
tory for steady state measurements from about one 
cycle per second to an upper limit of about 30 cycles per 
second. 


PERFORMANCE OF AN ACCELEROMETER 


The curves of Fig. 8 show the variation of the magni- 
tude of the converter sensitivity in the accelerometer 
range. In these curves the product of converter sensi- 
tivity and the square of the undamped natural fre- 
quency of the seismographic system is used for the ordi- 
nate with the frequency ratio for abscissa. The prod- 
uct chosen for the ordinates will be equal to unity in a 
perfect accelerometer. 

If a variation of plus or minus five per cent is allowed 
in the converter sensitivity a seismographic system 
without damping would be usable from zero frequency 
up to a frequency corresponding to about 0.2 of its 
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natural frequency. A system with critical damping 
would have approximately the same upper frequency 
limit of operation. If the damping ratio is made equal 
to 0.7 the useful range is extended to about 0.6 of the 
undamped natural frequency and the plots indicate that 
there is some damping ratio of about 0.6 which will give 
proper operation up to about 0.8 of the undamped na- 
tural frequency. The advantage of damping in extend- 
ing the range of operation for an accelerometer is ap- 
parent. 

An accelerometer to operate over any given frequency 
range can theoretically be obtained by designing the 
seismographic system for a sufficiently high undamped 
natural frequency. In practice, the extent to which this 
procedure can be applied is limited by the reduction in 
sensitivity which accompanies an increase in the un- 
damped natural frequency of the seismographic system. 
This sensitivity varies as the inverse square of the un- 
damped natural frequency, so if this frequency were 
doubled in a given instrument the indicating system 
sensitivity would have to be increased by a factor of 
four times in order for the performance of the complete 
instrument in terms of scale sensitivity to remain un- 
changed. 

The effect of time delay in producing distortion of the 
response in an accelerometer can be studied by consid- 
ering the term of order a in the Fourier series for the 


exciting motion. For the accelerometer response, 


y= (%a; ‘w,”) cos (wy, [t bia tai) T . 


wee HH (XK qq/@?) COS (awp[t — taal — Va) + 
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In terms of the lag angle the time delay is 


bia = Pa/ XB py, (14) 
Now ay, is the frequency ratio corresponding to the lag 
angle ¢ = gy, on the curves of Fig. 4. Comparison of 
these lag-angle curves with the accelerometer sensitivity 
curves of Fig. 8 shows that over the range for which the 
magnitude of the sensitivity is constant the lag angle 
increases with the damping ratio in an approximately 
linear fashion. Because of this fact the frequency ratio 
will cancel out in Eq. (14). This means that the re- 
sponse of an accelerometer will be substantially free 
from time delay distortion effects over the range for 
which the magnitude of the converter sensitivity is satis- 
factory. 


SELECTION OF AN INSTRUMENT TYPE FOR MEASURING 
Low-FREQUENCY VIBRATIONS 


Vibration measuring equipment suitable for use in 
aircraft must operate without the use of a fixed refer- 
ence point in space and must also meet reasonable speci- 
fications as to weight and size. In practice these limita- 
tions lead to the use of a seismographic system as the 
converter in the pick-up. The type of operation will be 
determined by the range of frequencies to be covered. 
The suitability of a displacement measuring instrument 
for studying power plant vibration has already been 
noted. On the other hand, when attention is directed 
toward low-frequency, large-amplitude vibrations of 
wings and control surfaces a displacement measuring in- 
strument cannot be used because of displacement and 
frequency limitations on the operating range. The 
velocimeter is as yet an untried type for aircraft work, 
and in any case would have an operating range with 
both high- and low-frequency limits. The remaining 
possibility is to use an accelerometer, which is free from 
both high-amplitude and low-frequency limits. Free- 
dom from time delay distortion in the operating range is 
another point in favor of the accelerometer for studying 
complicated wave forms. 

With the decision made in favor of the accelerometer 
for studying low-frequency vibrations in aircraft it was 
necessary to establish an upper frequency limit for the 
vibrations to be studied with the instrument. It was re- 
membered that relative displacements within the con- 
verter for a given exciting motion become smaller with 
the inverse square of the undamped natural frequency 
of the seismographic system, so that an increase in the 
upper limit of the operating range exacts a heavy price 
in design and construction difficulties for the complete 
instrument. 

The accelerometer described in the present report was 
designed as an experimental instrument to operate with 
a substantially constant sensitivity from zéro frequency 
(constant acceleration) up to a high-frequency limit as 
far as practical above 15 cycles per second. To insure 
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the elimination of transient effects in the pick-up and to 
obtain the highest possible frequency limit for the oper- 
ating range with the maximum converter sensitivity it 
was decided to design for a damping ratio of about seven- 
tenths. 


DESIGN OF THE INDICATING SYSTEM 


The indicating system of an instrument for measuring 
vibration is essentially a device for indicating or record- 
ing relative motion between the seismic element and the 
supporting element. The following list includes the sys- 
tems which have come into general use for vibration 
measuring equipment: 


(1) Mechanical lever and gear systems similar 
to the mechanism of a dial gage. 

(2) Mechano-Optical systems similar to the ar- 
rangement used with a rotating mirror gal- 
vanometer or an oscillograph.’ 

(3) Electrical generator systems. 

(a) Electromagnetic generators using either a 
moving coil or a moving armature for 
varying the flux linkages with a winding.** 

(b) Piezoelectric systems using the charges 
produced on the opposite faces of a suit- 
able crystal when the crystal is subjected 
to mechanical strains.*® 

(4) Variable electrical or magnetic parameter 
systems 
(a) Variable resistance systems similar to the 

carbon disc stack scheme of the Peters 
Electrical Telemeter.'* 

(b) Variable capacity systems similar to the 
arrangement used in conventional con- 
denser microphones.” 

(c) Variable reluctance systems similar to the 
alternating current bridge used in the 
commercial ‘‘Electric Micrometer.’’?! 


Mechanical and optical systems are unsuitable for 
distant indication of rapid changes in displacements. 
Electromagnetic and piezoelectric generators are unsuit- 
able for transmitting static indications. Variable 
carbon resistance elements can be damaged quite easily 
by mechanical shocks and are subject to hysteresis and 
aging effects. Variable capacity systems require care- 
ful protection of long lengths of input leads or the 
use of a vacuum tube amplifier near the pick-up and in 
addition are not well suited to the measurement of the 
relatively large displacements encountered in vibration 
work. Variable inductance systems can be constructed 
with rugged mechanical parts, can be conveniently 
adapted to measuring displacements of any magnitude, 
and will operate satisfactorily with long connecting 
wires. Accordingly an inductance bridge was selected 
for the indicating system of the accelerometer described 
in the present paper. 
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The left-hand side of Fig. 9 gives a summary of the 
electrical relationships involved in a generalized imped- 
ance bridge. A more complete discussion of such 
bridges is given by Hague.** The right-hand side of 
Fig. 9 shows a diagram of the particular bridge circuit 
used in the indicating system of the experimental acceler- 
ometer and gives the quantitative relationship between 
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Fic. 9. Performance of impedance bridge. 


output and exciting voltages under the assumptions ful- 
filled in the particular design.** From the standpoint 
of linearity the bridge as actually constructed will give 
an output in terms of the exciting voltage which is equal 
to half of the fractional change of impedance in the 
pick-up coils over a range of deflections corresponding 
to peak accelerations on the pick-up of about twenty 
times gravity. 

A governor-controlled rotary converter giving a 
sinusoidal voltage output of 600 cycles per second at 
eight volts was used to supply the exciting current for 
the bridge. This machine is operated from a 12-volt 
direct current source of power and has a rated output of 
8 watts. The output points of the bridge were coupled 
to a standard Sperry-M.I.T. amplifier-oscillograph 
system by means of a transformer. With this com- 
bination the maximum indicating system sensitivity 
was about 1500 inches deflection on the record for one 
inch relative motion between the seismic element and 
the supporting element. The highest sensitivity was 
useful for balancing the bridge, but about one-fifth of 
the maximum amplifier gain was usually found suitable 
for measuring accelerations with a magnitude of about 
one gravity. 


Pick-Up UNIT 


The pick-up unit was designed to withstand severe 
conditions of vibration in service. In particular, the 
pick-up is insensitive to accelerations applied in direc- 
tions perpendicular to its axis of operation and will 
withstand severe vibration in these directions for an 
indefinite period. The maximum‘ acceleration limits 
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were set at plus or minus fifteen times gravity for sub- 
stantially linear operation. Oil damping was used 
because of the low weight involved in such a system, 
and the ability of an oil film to assist the coupling 
springs in supporting side loads imposed by the seismic 
element during transverse vibrations. The variations 
in the frequency range for satisfactory performance 
due to changes in oil viscosity will be discussed later. 
Fig. 11 is a section of the actual pick-up drawn to 


scale. The angle of the section changes from bottom 








INGHES 


Fic. 10. Pick-up unit with case removed. 

to top in the figure as indicated on the end view. The 
supporting element is made up of the duralumin cap A, 
the beryllium copper rod B, the brass spacers C, the 
brass washers D, and the armature E which is made of 
annealed cold rolled steel. The flat beryllium copper 
springs F and the steel cantilevers G make up the elas- 
tic coupling. The seismic element has a central sec- 
tion H of annealed cold rolled steel, the steel end covers 
I, and two coils J which are symmetrically located with 
respect to the armature mounted on the supporting 
element when no force acts on the seismic element. 
Each coil has its ends brought out to terminals like that 
shown at K, the coil located on the side away from the 
cap A being connected to the external terminals L by 
means of intermediate terminals and flexible strips of 
beryllium copper M. For experimental purposes both 
terminals from each coil were brought out to four exter- 
nal binding posts L. The space between the duralu- 
min case P and the parts mounted on the cap A is 
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Fic. 11. Diagram of accelerometer X-1. 
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completely filled with oil. Viscous shear in the oil film 
filling the 0.008-inch gap N between the case and the 
outer cylindrical surface of the seismic element supplies 
viscous damping for the system. Two cut-outs Q in the 
outer case serve as passages for oil pumped from end to 
end of the case by relative motion between the seismic 
element and the supporting element. This alternating 
flow of oil causes damping in addition to that produced 
by the cylindrical oil film. Two screws (not shown in 
the diagram) are located in the bottom of the case for 
convenience in completely filling the case with the 
The weight of the complete unit is 
about 9 ounces. Fig. 10 is a photograph showing the 
pick-up with the case removed. Various parts are 
marked with the same identifying letters used in Fig. 11. 

In operation, the impedance bridge is adjusted to 
give any desired amplitude of the 600-cycle output on 
the indicating system screen with the seismic element 
subjected to the acceleration chosen for reference pur- 
poses. This reference acceleration may be zero as in 
the case when the operating axis is mounted in a hori- 
zontal direction or equal to one gravity when the axis 
is mounted vertically. When the pick-up is subjected 
to an acceleration which has a component along the 
operating axis of the pick-up the inertia reaction acting 
on the seismic element will cause a displacement of the 
armature E with respect to the two coils J. This ac- 
tion causes a decrease in the reluctance of the magnetic 
path to flux linking one coil and a corresponding increase 
in reluctance for the flux linking the other coil with the 
net effect that the inductance bridge of the indicating 
system is unbalanced and the amplitude of the output 
wave is changed. 


damping fluid. 


STATIC PERFORMANCE OF THE ACCELEROMETER 
One of the most difficult problems in designing the 
pick-up was to obtain a spring system free from hystere- 
sis and linear in operation over a sufficiently wide range 
of acceleration magnitude. Starting with an unsym- 
metrical arrangement of flat springs, a combination of 
theoretical and experimental studies led to the sym- 
metrical system indicated in Fig. 11. Cantilever 
springs were found unable to resist transverse accelera- 
tions without coupling between transverse motion and 
motion along the operating axis. It was also found 
that cantilever springs are liable to damage from severe 
cross vibrations. Flat springs rigidly clamped to the 
seismic element at both ends showed a restricted range 
of linear operation and were easily strained beyond 
the elastic limit by excessive tension effects when rela- 
tively small loads were applied along the axis of opera- 
tion. The upper load limit for linear operation was 
increased by a factor of about five, and the maximum 
load allowable without damage to the spring system 
made greater in the same ratio by using cantilever 
side springs for connecting the transverse flat springs 
to the seismic element. A mathematical analysis of 
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this double spring system made it possible to determine 
the proper ratio between transverse spring thickness 
and side cantilever thickness for the maximum range of 
linear operation. 

Fig. 12 shows a static calibration curve for the spring 
coupling system. Loads were applied to the supporting 
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element with the seismic element clamped to a hori- 
zontal support. Weights placed in a pan carried by a 
linen thread were used to supply the necessary force. 
The thread attached to the unit was carried over a small 
pulley which was proved to introduce a negligible fric- 
tion effect. Deflections were measured with a special 
micrometer adjusted by means of an electrical system 
to indicate the point of contact. This arrangement 
produced results with a maximum uncertainty less than 
0.0002 inch. Checks on static deflections using the 
complete indicating system of the accelerometer gave 
results in close agreement with the data recorded in 
Fig. 12. In general, the elastic coupling is free from 
hysteresis and linear up to deflections corresponding to 
accelerations of at least ten gravities. 

Static tests in which the seismic element was sub- 
jected to transverse loads corresponding to twelve 
gravities showed no noticeable effect on the output of 
the indicating system operating at normal sensitivity. 
The pick-up is so designed that the oil film around the 
cylindrical portion of the seismic element will take up 
transverse loads before internal parts can come into im- 
proper contact. This feature and the stiffness of the 
springs to transverse forces should make it possible 
for the pick-up to withstand any conditions encountered 
in service. 


DYNAMIC PERFORMANCE OF THE ACCELEROMETER 


A series of tests showed that the sensitivity of the 
indicating system was constant over a frequency range 
from zero to thirty cycles per second. During these 
tests and the later studies of converter sensitivity the 
indications were either recorded on a Sperry-M.1I.T. os- 
cillograph or observed on the face of a commercial 
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cathode ray oscillograph. The wave form of relative 
motion in the converter appeared as the envelope of 
the 600-cycle a.c. voltage output from the bridge. Fig. 
13 shows several cycles of a record corresponding to a 
simple harmonic exciting acceleration. For this record 
the indicating system bridge was balanced to zero 
output before the acceleration was applied. 





Sample record showing simple harmonic acceleration. 
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The dynamic performance of an accelerometer can 
be completely specified in terms of the sensitivity of the 
indicating system, the effective damping ratio, and the 
effective undamped natural frequency of the seismo- 
graphic system. In the present case the sensitivity of 
the indicating system was known to be constant, so that 
variations in the sensitivity, S (defined as the product 
S.S;), of the complete accelerometer could only be 
due to changes in the converter sensitivity. It follows 
that a curve of S plotted as a function of the frequency 
of the acceleration applied to the pick-up should be 
similar to one of the generalized accelerometer per- 
formance curves of Fig. 8. Dividing each experimental 
sensitivity by the static sensitivity will put the experi- 
mental curves on the same non-dimensional basis as the 
theoretical accelerometer curves. If a family of such 
curves is found for a pick-up with constant undamped 
natural frequency and adjustable linear damping it 
will be possible to fit the experimental frequency scale 
to the generalized frequency ratio scale. The number 
by which the experimental frequencies must be divided 
in order to carry out this fitting operation will be equal 
to the effective undamped natural frequency of the 
pick-up. The damping ratio corresponding to each 
condition of damping in the pick-up can then be found 
by a comparison of the experimental and theoretical 
curves. If the viscosities of the damping fluids used 
in taking the experimental curves are known and the 
pick-up is unchanged structurally it will be possible to 
predict the dynamic performance of the pick-up for any 
given viscosity of the damping medium or to determine 
the viscosity required to produce a certain sensitivity 
curve within the possible frequency range. The char- 
acteristics of the accelerometer described in the present 
report were obtained by the method outlined above. 

The static sensitivity of the accelerometer (the term 
accelerometer will be used hereafter to mean the com- 
plete experimental instrument) was determined by 
balancing the bridge with the operating axis of the pick- 
up horizontal and measuring the amplitude of the 600- 
cycle wave which appeared when an acceleration of one 
gravity was applied along the operating axis by turn- 
ing this axis into the vertical. 
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To determine the dynamic sensitivity corresponding 
to a given frequency the pick-up was subjected to a 
sinusoidal acceleration along the operating axis by 
means of a Sperry-M.I.T. vibration calibrator.’ Dur- 
ing the tests the amplitude of the exciting motion was 
maintained constant at 0.050 inch, and the fre- 
quency was varied in steps of five cycles per second 
between ten and thirty cycles per second. A number of 
preliminary tests using large-amplitude, low-frequency 
vibrations of beams showed that the accelerometer 
sensitivity was constant for frequencies less than five 
cycles per second, so the low-acceleration amplitudes 
available from the calibrator in this range did not 
handicap the work. The effective damping ratio was 
varied between frequency runs by changing the tem- 
perature of the pick-up. 

Fig. 14 shows a typical set of calibration curves 
taken with the unit filled with $.A.E. 40 oil. The tem- 
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Sperry amplifier No. 8; Dumont cathode ray oscillo- 
graph; exciting amplitude = 0.05 in.; acceleration of 
1G gives double amplitude of one inch on oscillograph; 
width of line on oscillograph = 0.05 in. at balance; 
S.A.E. 40 oil used for damping; effective natural fre- 
quency for dynamic operation = 50 c.p.s. 


perature was varied from 50°F. to 128°F. in five steps. 
It was found by trial that a fairly good check with the 
theoretical accelerometer curves could be obtained by 
assigning the frequeney ratio of 0.6 to 30 cycles per 
second and damping ratios of 0.45 and 0.8, respectively, 
to the data taken with pick-up temperatures of 105°F. 
and 90°F., respectively. From a knowledge of the 
viscosity of the oil used as a function of temperature,** 
damping ratios were assigned to the other sets of experi- 
mental data with the results given in Fig. 14. The 
agreement between the theoretical curves and the ex- 
perimental points is good enough to justify use of the 
general theory in predicting the performance of the 
accelerometer under any conditions. This conclusion 
was checked by several calibration runs in which the 
damping ratio was varied by changing the oil used for 
damping purposes. 
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DISCUSSION OF CALIBRATION RESULTS 


It was noted above that the experimental data plotted 
in Fig. 14 can be explained in terms of the general theory 
if thirty cycles per second corresponds to a frequency 
ratio of 0.6. This means that the seismographic sys- 
tem acted as if it had an undamped natural frequency of 
50 cycles per second. The natural frequency of the 
system as determined by static deflections measured in 
air was 81 cycles per second. It was found that an 
approximate explanation of this difference between the 
static natural frequency and the effective natural 
frequency under operating conditions can be based on 
inertia effects in the oil pumped from end to end of the 
case by the seismic element. It was found that this 
dynamic mass effect of the oil could be eliminated 
without a serious reduction in the viscous damping 
action by using a damping medium heavy enough to 
remain in the space between the surfaces to be damped. 
This procedure was satisfactory for short times, but 
produced erratic results if the pick-up was allowed to 
stand for considerable periods. The effect seemed to 
be due to the slow flow of the damping medium away 
from the damping surfaces under the influence of 
gravity. When the pick-up is completely filled with oil 
the performance is consistent over periods of several 
months. 

The effect of temperature on the operation of the 
pick-up is illustrated in Fig. 14. Lubricating oils ordi- 
narily have about the same density, so the major in- 
fluence of temperature on pick-up operation must be 
due to changes in viscosity. On the basis of this con- 
clusion Table 2 has been drawn up from known data on 
the relationship between viscosity and temperature for 
commercial lubricating oils. This table shows that 
four oils will make it possible to obtain indications 
with a maximum variation of plus or minus ten per cent 
in sensitivity at 15 cycles per second over a temperature 
range from 40°F. to 136°F. With the same tolerance in 
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TABLE 2 
Temperature and viscosity ranges allowable for given 
performance characteristics of accelerometer X-1l.  Per- 
formance = ratio of dynamic sensitivity to static sensitivity; 
oil data is taken from A.S.T.M. Standard D341-32T; optimum 
performance is satisfactory up to 30 c.p.s.; 8 = frequency 
ratio; ¢ = damping ratio. 


sensitivity each of the four oils will permit operation 
over a temperature range of about 50°F. If a plus or 
minus sensitivity variation of ten per cent is allowed at 
20 cycles per second the temperature limits become 
44°F. and 110°F., with each oil covering a range of 
about 25°F. The temperatures for the optimum per- 
formance with each oil are listed in the second column of 
Table 2. With these operating temperatures the in- 
strument should operate satisfactorily up to about 30 
cycles per second. 


FLIGHT TESTS OF THE PICK-UP 


A number of actual flight tests were carried out with 
the complete accelerometer as used in the calibration 
tests. No essential differences were found between 
operation in flight and operation in the laboratory. 
For comparison purposes simultaneous records were 
taken with a standard Sperry-M.I.T. vibrometer pick- 
up and the accelerometer system. Maneuvers of 
several kinds were carried out with various throttle 
settings. The accelerometer was balanced to give a 
constant amplitude on the 600-cycle wave of about 0.3 
inch under an acceleration of one gravity. With this 
setting power plant vibrations between 30 and 35 
cycles per second were indicated correctly in wave 
form and amplitude. A dive and pull-out followed by a 
push-over at the top of the pull-out climb caused a 
change in acceleration from a positive magnitude of 
about 3 gravity units to a negative magnitude of about 
1.5 gravity units. Records of this type illustrated the 
difficulty of interpreting records made by simple am- 
plitude modulation of an alternating current wave. 
A phase shift occurs at ‘‘cross-over’’ points where the 
bridge goes through balance but away from these 
points there is no simple method for distinguishing 
positive variations from negative variations. For the 
relatively slow acceleration changes which accompany 
motion of aircraft during maneuver reversals in direc- 
tion of the measured acceleration will probably intro- 
duce no difficulties in interpretation of the records. 
On the other hand, for vibratory accelerations due to 
wind or control surface motion it might be difficult to 
interpret parts of the record. 

The simplest solution for the problem of identifying 
the instantaneous direction of the exciting acceleration 
is to unbalance the indicating system bridge so far in 
one direction that the alternating current wave am- 
plitude never goes through zero. This is the method 
employed by Bruderlin'* who also reduces the record 
to a single line by using a rectifier in the indicating 
system. Several schemes incorporating phase sensi- 
tive rectifier bridges can be applied to suppress the 
carrier frequency and at the same time produce positive 
and negative indications. At the present time several 
methods for accomplishing this result are under discus- 
sion or in the preliminary stages of laboratory tests. 
It is probable that any equipment which alters the 
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form of the indication from a modulated wave will be 
expensive both in additional parts and cost as com- 
pared with the simple bridge used in the experimental 
work described above. For this reason an intensive 
effort to change the type of indication will be delayed 
until definite performance specifications based on ex- 
perience can be written for an instrument to record 
instantaneous accelerations in flight. 
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Book Review 


General Aeronautics, by Hitton F. Lusk; The Ronald Press 
Company, New York, 1940 (revised edition); 500 pages, $3.75. 

Representing a complete revision of the 1932 edition, this 
book is designed as an aid to those preparing for official tests 
for pilots’, aircraft and engine mechanics’ certificates and as a 
text in technical institutes, colleges, and ground schools. As an 
elementary text it accomplishes its purpose in many respects. 

The introductory chapter is entitled ‘“Occupations in the Aero- 
nautical Industry.’”’ It is a well-written and concise account of 
present and future opportunities in the aviation industry. One 
hundred sixty-four occupations, along with recommended educa- 
tional preparation and approximate salaries to be expected, are 
listed. 

The next chapter on ‘Principles of Aircraft Flight’’ takes up 
lighter-than-air craft, aerodynamics of airfoils, high-lift devices, 
the elementary principles of performance, and of autogiro flight. 
The part of the chapter dealing with the explanations of aero- 
dynamic forces on wings is incorrect in many instances. The 
circulation is placed at the trailing edge of the wing; the lift over 
the lower surface is represented as due to dynamic imipact of the 
air; the primary role played by viscosity in the stalling of wings 
is completely ignored. These and other faulty explanations 
make this part of the chapter of doubtful value. 

Chapter III on ‘“‘Construction and Operation of Airplanes’’ is 


a concise and well-written account of the principles and pro- 
cedures of the construction of various types of aircraft and opera- 
tion in flight, during maneuvers, and on the ground 

Subsequent chapters treat the following subjects: 
Propellers,’’ their types, characteristics and construction; ‘‘Prin- 
ciples of Aircraft Engines,”’ including both Diesel and Otto cycle 
engines, their efficiency and output; ‘‘Construction and Opera- 
tion of Aircraft Engines,’”’ including types, operation and con- 
struction features, fuel, lubrication, cooling and ignition systems, 
vibration, balancing and test procedures; ‘“‘Engine and Flight 
Instruments,” their principles, construction and operation, blind 
flight instruments, and instrument flight training; ‘‘Aeronautical 
Safety Appliances and Communication,’ including de-icing 
equipment, radio (both station and aircraft equipment), radio 
range and marker beacons, direction finders, and instrument 
systems; ‘‘Avigation—Maps, Piloting, Radio and 
Instruments;’’ ‘‘Dead Reckoning,’’ including methods of drift 
determination and the preparation of a flight plan. The final 
chapter gives the fundamentals of Aeronautical Meteorology in 
easily understandable language, taking up all of the features with 
which the pilot is concerned. 

The book is profusely illustrated and completely indexed; a 
list of questions and problems is included after each chapter. 

A. M. KUETHE 
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Streamline Visualization’ 


C. WITOSZYNSKI 
Warsaw Polytechnic Institute, Poland 


HE Aerodynamical Institute of the Warsaw Poly- 

technic Institute has for many years utilized 
smoke, vapors, powders, etc., for rendering the stream- 
lines about bodies visible. However, this method has 
the disadvantage that extreme difficulties are en- 
countered when the velocity of the air stream exceeds 
20 ft. per sec. 

For this reason a new variation of the well known 
‘schlieren method’’ has been devised. This method, 
as it was originally developed, permitted the photo- 
graphing of the shock waves formed near a body at 
super-sonic air velocities. The variation, which per- 
mits the photographing of the streamlines at any veloc- 
ity, makes use of the fact that the refractive index of 
air changes with its temperature. If the air stream 
in the vicinity of a body is selectively heated (by gas 
jets, electrical means, etc.), a schlieren photograph of 
the field of flow will show the heated ribbons of air 
issuing from the heat source. 

Fig. 1 shows schematically three views of the ap- 
paratus used. S is the lamp serving as the source of 
light. The free jet of the wind tunnel T is crossed by 
the parallel beam of light reflected by two spherical 
mirrors M, and Mz, [4 inches in diameter with a radius 


* Motion pictures taken by the method described were shown at 
the Eighth Annual Meeting of the Institute, January 26, 1940. 
The films were prepared by the author for presentation at the 
International Congress of the Aeronautical Sciences, scheduled 
for September 11 to 16, 1939. Because of the international situa- 
tion the Congress was postponed until 1941. 

The motion pictures showed the streamlines about spheres, 
streamline bodies, airfoils, airfoils fitted with flaps, slots, and 
interceptors, at various angles of attack, and the flow at the edge 
of the free jet of a wind tunnel. The air speed at which these 
were taken was not specified but the resolution of the stream- 
lines was excellent —Editor. 
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of curvature of 280 inches, fixed to the walls of the 
room. K is the camera with the plate P and a lens 
with the proper focal length. D is the sharp-edged 
diaphragm. B is the body in the airstream about 
which the streamlines are to be photographed, and C 
is the gas burner, with a number of small flames equal 
to the number of lines to be photographed. 

The flames of the burner are situated in a vertical 
plane parallel to the stream and passing through the 
section of the body in which the streamlines are to be 
examined. Instead of a gas burner it is possible to use a 
properly arranged electric heater. 

The fine heated ribbons H move downstream with the 
colder air. Since the optical index of refraction 
changes with the temperature of the air, the rays of 
light passing through the heated portions are bent. 
When the knife edge D is properly adjusted the il- 
lumination of the plate P will be such that one of the 
edges of each of the heated ribbons is lighted more 
strongly than the other. 

Still or motion pictures of the streamlines can be 
taken. Replacing plate P with a ground glass screen 
permits visual observation. 


Book Review 


American Aviation Directory, WAYNE W. Parris, Editor; 
American Aviation Associates, Inc., Washington, D. C., Vol. 1, 
No. 1, second quarter, 1940; 234 pages, $3.00; 1940 subscription 
(two editions) $5.00. 

At last there is a complete, concise and well arranged directory 
of all aeronautical interests in American aeronautics. The editor 
has rendered a great service in his preparation of this compre- 
hensive and accurate directory of aeronautical industries and 
organizations in the United States and Canada. 

It combines a ‘‘Who’s Who” with a directory, since the index 
of names in the back gives an immediate reference to the present 
activity of thousands of persons who are engaged in aeronautical 


work. 
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The directory also gives useful information regarding each 
airline and each company. Of particular interest is the number 
of employees, the equipment, and routes covered by each airline. 
An effort has been made to give, for each aircraft manufacturer, 
the floor space, number of employees, payroll, last year’s and 
current back-logs, as well as the types of aircraft in production 

The editor expresses the hope that a start has been made to 
provide ‘‘a useful publication with potential life’’ and asks if the 
initial effort is worthwhile. It isa pleasure to join in what should 
be a unanimous approval and a hope that such an excellent start 


will receive the support and encouragement it deserves. 











The Tensor Gage 


W. B. KLEMPERER 
Douglas Aircraft Company 


EVERAL recent articles (cf., references 1 and 3 and 
bibliography given there) on the subject of how to 
determine the complete state of strain and stress in a 
region of sheet from 3 (or 4) strain measurements ob- 
tained in different directions indicate the increasing 
interest of structural engineers in the flow of stress 
through continuous sheets or thin plates under the 
influence of loads in their own plane. The conventional 
experimental procedure consists of applying linear 
strain gages in different directions during three suc- 
cessively repeated load cycles. The expense and tech- 
nical difficulties of repeating the test load cycle with 
exactly the same load distribution are obvious where 
the test specimen is part of a complicated structure, like 
an airplane undergoing proof-loading tests. An instru- 
ment which simultaneously measures the strain in 
three directions on the test spot is a great time saver. 
An approach to such a three-component gage with three 
strain gages mounted in close proximity on a common 
holder is described in reference 2. 

Efforts to crowd the elements of a three dimensional 
strain gage into a small area in order to explore in detail 
the stresses in the skin of supercharged airplane cabins 
or in gussets and coherent bulkheads, frames and webs 
led to the construction of a triangular strain gage. 
This gage was called the Tensor Gage because it re- 
sponds directly to the three membrane components of 
the strain tensor to which the sheet is subjected. 

This new instrument in effect comprises three 1 in. 
strain gage mechanisms but it engages the specimen at 
only 3 points; viz., the corners of an equilateral triangle. 
This is accomplished by an articulated tripod whose 
legs are accurately restrained to move only in the direc- 
tion of the three radii forming a 120° star. The normal 
length of each radius was chosen 15 mm., which makes 
the base length of the triangle side 1.02in. Each tripod 
leg contacts the specimen surface by means of a sap- 
phire cone having an apex radius of approximately 0.001 
in. 

Each tripod leg is a lever which rocks on a hardened 
knife edge in a grooveless saddle between accurately 
positioning thrust plates with imperceptible friction. 
The mechanical lever carries a microscopic index reti- 
cule in the focal plane of an optical magnification sys- 
tem. A fixed lens projects an enlarged subjective image 
of the index reticule through a mirror upon a transpar- 
ent scale which is read through another magnifying 
glass. The total magnification is such that a strain of 
1/10,000, which in aluminum corresponds to a linear 
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stress of approximately 1000 Ibs. per sq.in., appears as 
one scale division, fractions of which can be estimated 
to 1/, or '/;. Each scale covers 100 divisions. Each 
index pattern consists of three differently identified 
cross lines, 50 scale divisions apart, so that the total 
range amply covers any test requirement within the 
yield limits of the structural material. 

The instrument fastens to the specimen surface 
quickly by means of a single central suction cup without 
externalclamps. The gage measures 1*/, in. in diame- 
ter and 2'/; in. in height and weighs 4 ounces. It is 
shown in the accompanying photographs. When ap- 
plying the gage to test work, readings are taken on all 
three legs before and after each load step. The differ- 
ences between successive readings are converted into 
strain values by means of the following simple conver- 
sion formulas: 

Let a, b, c, be the differences of readings in scale units 
before and after the load step. The corresponding strain 
changes €,, €, €,, in the directions of the radii of the 
respective legs A, B, C, are the mean value between the 


B’ 











leg reading itself and the average e of the three; viz., 
e, = (a + e)/2R; & = (b + e)/2R; «. = (c + e)/2R 
where e = (a + 6 + c)/3 and R the magnified basic 
radius (here 1000 units). These relations can be readily 
verified by inspection of the geometry of the distorted 
triangle A’B’C’ and the basic triangle ABC, but it 
must be realized that the centers of the two triangles do 
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not coincide unless a = 6 = c. However, the instru- 
ment readily adjusts itself to the shift of the center 
since the centering force of the suction cup holding 
down the floating frame of the instrument has but 
negligible influence upon the equilibrium of the mecha- 
nism. From the radial strains ¢€,, 6, €,, the principal 
strains ¢, and ¢, and their orientation ¢ against one of 
the leg axes, for instance against A, can be derived from 
the values the harmonic strain cycle « = «€ + 6 cos 26 
assumes at the star direction phase angles 6 = ¢, € + 
120° and e — 120°; viz., 


€é, = € + bcos 2g 


e + 6 cos 2(6 + 120°) = € — '/o6 cos 26 + 
(1/3/2)6 sin 2¢ 


€ 


| 
wn 
| 


1/6 cos 26 — 
(+/3/2)6 sin 2¢ 


e + 6 cos 2(@ — 120°) 


m 
II 


The average of these three furnishes directly and 
independently of the orientation: 
e = (ec, te + €,)/3 = e/R 
Subtraction of ¢, from «, furnishes 
(b — c)/2V/3R 


6 sin 26 = (6 e.)/V3 = 


The complement, from the formula for e,, is 
6 cos 26 = e, — € = (a — e)/2R 
Dividing the last two equations furnishes the orienta- 
tion of the principal axes; viz.: 
/ 
V/3(b — c) 
2a —-b-—c 


tan 26 = (b — c)V/3 (a — e) = 


(clockwise when positive). Adding the squares of the 


same two equations furnishes the amplitude 
6 = V(b — c)?/3 + (a — e)?/2R 


= Ve? — (ab + be + ca)/3/R 





Tensor gage being attached to test 
specimen 
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Instead, 6 can also be found from the equations for 6 
sin 2¢ or 6 cos 2¢ as soon as ¢ is determined. The 
calculations can be expedited by suitable tabulation of 
the various steps. 

If one prefers a graphical solution he can readily 
construct the ‘‘strain circle’ defined by J. A. Wise?® 
according to the following procedure: From what will 
be the center of the circle, lay off in an abscissa direction 
first 2a, thence backward —c. From this point, lay off 
another distance —c and from the same point also —3, 
(z.e., in the negative direction). Erect a normal at the 
end of —b and a 120° line at the end of the second —c 
to intersect the normal. The radius-vector to the 
intersection engenders the angle 2¢ and one-sixth of this 
radius-vector is the radius of the strain circle. The 
pole of the strain circle is at a distance —e from the 
center. The maximum and minimum strains can now 
be read from the pole to the abscissa points of the circle. 

As soon as these are known, the principal stresses can 
be derived from the strain extremes: f, = E(e,+ 
wey) /(1 — mw?) and f, = Ele, + we,)/(1 — uw”) where 
E = elastic modulus and u = Poisson’s ratio. 

The accompanying photographs show the gage in 


action. It was designed at the Douglas Aircraft Com- 





Fic. 3. Three tensor gages in place on a skin panel. 





Three tensor gages in place on a skin panel 
showing method of reading. 
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pany and is manufactured by Howell & Sherburne in 
Pasadena, California. Although developed especially 
for all-metal airplane research, the instrument should 
be applicable to many other structural stress distribu- 
tion problems such as may arise in pressure vessels, 
dams, ships, bridges, rails, dome structures, and other 
sheet or plate structures where the shear flow is un- 
known or to be explored. 
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The Paul Kollsman Library Endowment 
to Provide Lending Collection 


MOST important and long needed addition to the 
services rendered by the Institute has been made 
possible by the endowment announced on June 26th at 
the Second Annual Summer Meeting. This is the gift 
of $50,000 made by Paul Kollsman, a member of the 
Institute’s Advisory Board, and the Square D Com- 
pany, of which F. W. Magin is President, for the estab- 
lishment of an aeronautical lending library. The dona- 
tion is the largest to have been received by a scientific 
or engineering society in several years. 

The library to be established with the fund will enable 
borrowers in any part of the United States to obtain by 
mail on a circulating library plan, the latest books on 
aeronautical subjects as well as earlier standard works. 
It will be of inestimable value to aeronautical specialists 
and students who do not have adequate reference collec- 
tions at hand and to those who require the use of certain 
books over a period of days for study at their homes or 
places of business. The nucleus of the lending collec- 
tion, which is to be known as the Paul Kollsman Li- 
brary, is already provided by the 2000 books in the 
Institute’s library, which will be made available for 
loan. 
mented by many new titles and extra copies of those 
In addition 


However, this beginning will be extensively aug- 


for which there is considerable demand. 





Mr. F. W. Magin 
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Mr. Paul Kollsman 


100,000 books on 
general engineering can be borrowed through a recip- 


to these aeronautical books, over 


rocal arrangement with the Engineering Societies 
Library. 

To Institute members the name of the generous donor 
of the library is well known, as it is in all aviation cir- 
cles, due to the world wide use of the precision aircraft 
instruments which he has developed over the past dec- 
ade. Paul Kollsman the United States in 
1923 after having graduated from technical schools in 
Stuttgart and Munich. In 1928 he founded the Kolls- 
man Instrument Company, which has grown from a 


one-man enterprise to its present important position in 


came to 


the aviation industry. At the beginning of this year, 
Mr. Kollsman effected a merger making his organiza- 
tion a division of the Square D Company of Detroit. 
This company is continuing the development and manu- 
facture of Kollsman aircraft instruments and has joined 
in making the donation to the Institute for the lending 
library. KF. W. Magin is President of the Square D 
Company and Paul Kollsman is a Vice-President and 
Director as well as the General Manager of the Kollsman 
Instrument Division at Elmhurst, New York. 

The lending library, combined with the facilities of 
the Aeronautical Archives, provides the Institute with 








406 JOURNAL OF 


as complete facilities for the collection and dissemina- 
tion of aeronautical information as can be found any- 
where. The Burden reference library of over 10,000 
aeronautical titles, the subject index and bibliographies, 
biographical files, and the ever-growing collection of 
photographs, prints, and models contain a most com- 
prehensive reservoir of material for research. Replies 
to inquiries for information and study material on any 
aeronautical subject can be furnished in the form of 
specially compiled bibliographies and lists, photographic 
or photostatic copies of original material in the reference 
files, and now through the direct loan of publications in 
the Kollsman Library. 

However, there is a further addition to the usefulness 
of the Institute’s information service which Mr. Kolls- 
man has, with commendable foresight, agreed to have 
established in connection with the lending library. It 
has been realized that even with a complete collection 
of all the new publications available for loan or refer- 
ence, the aeronautical specialist would be unable to read 
all the books, reports, pamphlets, and magazine articles 
as they were issued, to find which were of importance to 
him. Therefore, the plan for the setting up of the Paul 
Kollsman Library includes provision for the publication 
of a monthly bulletin—an aeronautical reader's guide— 


THE AERONAUTICAL SCIENCES 


which will contain critical reviews of all new aeronauti- 
cal books, a complete coverage of technical reports and 
magazine articles, giving summaries of their contents, 
and, in general, a classified index of all material related 
to aviation as it is published. This bulletin will be an 
invaluable aid to those who must select their reading in 
order to keep up with the developments in a field which 
is expanding so rapidly. It will, in effect, bring a com- 
plete library in brief to the reader and will enable him 
to make better use of the volumes in the Institute’s loan 
and reference collections. 

The committee appointed to set up the Paul Kollsman 
Library and the bulletin will plan the details of their 
operations as soon as possible. Complete information 
on the rules and conditions by which these new facilities 
may be used will be sent to Institute members within a 
few weeks. 

Meanwhile, the Officers and Council have expressed 
to Mr. Kollsman and to Mr. Magin of the Square D 
Company their appreciation and gratitude, which they 
know is shared by all the members of the Institute, for 
this most generous gift. They hope that the members 
will make the fullest use possible of the new service 
provided for them and will also encourage their friends 
and colleagues to do so. 


Book Reviews 


High-Speed Diesel Engines, by P. M. Hetpr; P. M. Heldt, 
Nyack, New York, third edition, 1940; 475 pages, $4.00. 

The third edition of this book does not differ greatly from the 
No attempt has been made to insert new material into 
each chapter. Instead, the author has rewritten the first chapter 
and added a new appendix. The first chapter in which the ‘“‘cur- 
rent’’ status of Diesel engines in their various fields of applica- 
tion is outlined, has no data later than 1938, presumably because 
of the difficulties of getting them. Unfortunately, the rapid 
progress of high speed Diesel engines is not very easy to follow 
up in a textbook like this, the descriptions and illustrations of 
In Germany, 


second. 


typical engines easily become of historic nature. 
for instance, the improvement of Diesel engine research and 
design is summarized each year by ‘“‘VDI Diesel-Maschinen 
Sonderheft’’ which seems to follow more closely the rapid change 
of the Diesel industry. 

While no attempt has been made to fully cover all the prod- 
ucts of the industry, this book seems weak on engines of the most 
recent development. This is especially‘so in the chapter on Air- 
craft Engines. The appendix is partly a copy of a paper written 
by the author and published in $.A.E. Journal February, 1939 
in which the author was evidently not giving much attention to 
aircraft engines. The development of Junkers Jumo engines 
(after Jumo 5) in Germany, Guiberson and N.A.C.A. research 
in this country is not mentioned. Aircraft engines described in 
detail are Packard, Clerget, Junkers Jumo 5, Deschamps, and 
Daimler-Benz. All were in production before 1934. 

On the whole, this book is presented to the reader as a very 
good reference especially on automotive engines. The explana- 
tion is clear and narrative. Pumps, governors, and injectors 
are reviewed and condensed orderly. Students who are interested 


in truck Diesels should find the book useful. 
H. C. TsrEn 


Universal Trading Corporation 


European Air Transport on the Eve of War—1939, by J. 
PARKER VAN ZANDT; James Jackson Cabot Professorship Lec- 
ture, Publication No. 5, Norwich University, Northfield, Ver- 
mont; 71 pages, $0.25. 


It is fortunate that the James Jackson Cabot Lecture Endow- 
ment selected the field of European air transport for study and 
publication at this particular time. No one could have presented 
the subject better than Dr. Van Zandt, who writes from personal 
experience as well as from extensive investigation covering many 
years. 


At the beginning of the present war European air transport had 
completed twenty years of operation. In the future there will 
probably be many changes in the airline organizations in Europe 
so this study will serve as a fair analysis of what was accom- 
plished during the pre-war operation. 

The author recognizes the difficulties of presenting compara- 
tive statistics for transport companies, where twenty-five cur- 
rencies, many different languages and special treatment of com- 
pilations are involved. Even with such obstacles he has made 
an excellent analysis and by cautious comment lets the reader 
make comparisons, which are, incidentally, favorable to air 
transport operations in the United States. His discussion of 
Europe’s greater volume of air freight and mail provokes con- 
siderable thought regarding the possible effect on transport opera- 
tions of a similar development in this country. Also especially 
well presented are his analyses of the corporate organizations of 
airlines abroad, and of comparative revenues, expenses, and 
subsidies. 

This publication may well be given rank as a further significant 
contribution by the Cabot Professorship to the literature of 


aviation. 
LESTER D. GARDNER 








Presentation of the Musick Memorial Trophy 
to Robert J. Minshall 


HE Musick Memorial Trophy for 1940, awarded 

for “‘the most valuable contribution toward the 
safety of life in the air, with especial regard to trans- 
oceanic flying,’’ was presented on June 21st to Robert 
J. Minshall, Vice-President in charge of Engineering of 
the Boeing Aircraft Company and a Fellow of the In- 
stitute. Presentation of the award was made by Major 
Lester D. Gardner, Executive Vice-President of the 
Institute, at a dinner in Seattle sponsored by the In- 
stitute and the Seattle Chamber of Commerce, and at- 
tended by some 600 guests. 

The award was given to Mr. Minshall “‘for his out- 
standing contribution to the safety of transoceanic air 
transport through major engineering improvements in 
large flying boats.”’ 

Philip G. Johnson, President of the Boeing Aircraft 
Company, was toastmaster at the dinner. Other 
speakers were: Cebert Baillargeon, President, Seattle 
Chamber of Commerce; Dr. L. Paul Sieg, President, 
University of Washington; Honorable Arthur B. Lang- 
ley, Mayor of Seattle; His Excellency Clarence D. 
Martin, Governor of the State of Washington; Honor- 
able Cecil Hope Gill, His Britannic Majesty’s Consul at 
Seattle. 

Major Gardner’s presentation address and Mr. Min- 
shall’s acceptance are printed below. 


Major Lester D. Gardner 


Two years ago the Institute of the Aeronautical Sciences was 
asked by a committee in New Zealand to serve with the Royal 
Aeronautical Society of Great Britain as a nominating committee 
to suggest the names of candidates for an award to be made 
annually in honor of the Pan American pilot, Ed Musick, who 
lost his life on what was to be the first commercial flight from the 
United States to New Zealand. 

We were glad to accept this invitation, as it perpetuates the 
memory of one of the greatest pioneering pilots. Ed Musick 
held a record of having flown for twenty-five years—for almost 
2,000,000 miles; had never stunted an airplane, and had never 
injured anyone who ever flew with him. He held a great number 
of world’s records. He was the pioneer who explored for Pan 
American Airways the routes which are now traveled regularly by 
their great Clipper aircraft. Captain Musick had been flying 
since 1913. Later he joined the Army Air Corps as a civilian 
instructor. 

He flew first for Pan American Airways in 1920. 
the first American tri-motored airplane ever to fly on an Ameri- 
can commercial airline. From then on he directed the operation 
of pioneering the Pan American air routes in South America and 


He piloted 


across the Pacific. 

He made the first flight to New Zealand in March, 1937. He 
set out on his last flight on January 9, 1938. 

Musick symbolized the great pioneering era of American aero- 
nautics, and it is most appropriate that there should be such a 
trophy to perpetuate his memory. The trophy is presented to an 
individual within the United States of America or the British 





Major Lester D. Gardner presenting the Musick Trophy 
to Mr. Robert J. Minshall 


Commonwealth, who, in the opinion of the Award Committee, 
makes the most valuable contribution toward the safety of life in 
the air with especial regard to transocean flying. 

Mr. Minshall would be the last person to want to receive credit 
for the work of others. Also, he would not want to take credit 
for the efficient operation of these ships by the Pan American 
Airways which has made such a memorable operation record for 
safety. The award is for broad contributions to safety in air 
transport. 

It is my great pleasure, representing the Institute of the Aero- 
nautical Sciences and on behalf of the committee in New Zealand, 
to present this trophy to a great engineer, a credit to the Univer- 
sity of Washington, and a man whose ability has now been recog- 
nized as outstanding by a foreign group. I place in your custody 
for 1940 the beautiful trophy, and also I give you the replica 
which I hope you will not only treasure for the honor it brings you, 
but as a reminder of the day when so many of your friends have 


come to do you honor. 


Robert J. Minshall 


Will you please convey to the citizens of Auckland, New Zea- 
land, our sincere appreciation for the award of the Musick Me- 
morial Trophy, which has been given to us for our contribution 
to the safety of air travel. 

The Boeing 314 Clippers which are the basis of this award, as 
you know, were the composite effort of the entire Boeing organi- 
zation and of Pan American Airways. The vision of Juan 
Trippe and Andre Priester of Pan American Airways dictated the 
type of airplane. We at Boeing supplied the tools, the man 
power, and the engineering effort to complete these great ships. 

To design these airplanes required 381,000 man hours of engi- 
neering, involving a maximum of 107 engineers. It would take 
one engineer 190 years to do this same amount of engineering. 
To build these airplanes required 2,500,000 man hours of shop 
labor, with a maximum of 543 men, or the equivalent of one man 
working for 1200 years. 

Every man in the Boeing organization who helped in the design 
and construction of these airplanes materially contributed to their 
success. Many of these men are present tonight. I would like 
to make it clear that in accepting this trophy I do so, not so much 
in my behalf, as on behalf of all those in the Boeing organization 
who have contributed to the safety of air travel by building the 


Boeing Clipper Ships. 
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Institute Notes 


SECOND ANNUAL SUMMER MEETING HELD IN PASADENA 


The Second Annual Summer Meeting of the Institute, held 
June 24th, 25th, and 26th, at the California Institute of Tech- 
nology in Pasadena, was an outstanding success from the stand- 
point of the excellence of the technical papers and discussions and 
the good attendance. Approximately three hundred persons 
registered for the technical sessions. 

The program, which was printed in previous issues of the 
Journal, included important papers on Structures, Vibration and 
Flutter, Instrumentation, High-Altitude Flight, and Aerody- 
namics. Those papers selected by the Editorial Board will be 
published in early issues of the Journal. 

The program included two interesting demonstrations. Dr. W. 
Randolph Lovelace, II, and Dr. Walter M. Boothby of the Mayo 
Clinic demonstrated the use of a small altitude chamber in the 
study of the effects of high altitude flying and rapid changes in 
barometric pressure on man. The investigation reported was 
conducted by Dr. Boothby, Dr. Lovelace, and Captain Otis O. 
Benson of the U. S. Army Medical Corps, and included the de- 
velopment of an oxygen mask which protects the human body 
against oxygen want up to an altitude of 40,000 feet. James B. 
Darragh, Jr., of the Lockheed Aircraft Corporation demonstrated 
the use of a magnetic steel tape recorder in airplane testing. The 
apparatus, the utility of which is unaffected by vibration or ac- 
celerations, permits the continuous recording of sixteen separate 
quantities for one hour. It has been adapted by the Lockheed 
Company for use in flight testing. 

The meeting was originally scheduled to be held at the Hotel 
Ambassador in Los Angeles. It was transferred when plans for 
the banquet were changed, due to the fact that Major Doolittle, 
who was to give the principal address, was called to active duty 
with the U. S. Army Air Corps and was unable to attend. 

The Institute greatly appreciates the consideration of the Cali- 
fornia Institute of Technology for making its facilities available 
for the meeting. Dr. A. E. Lombard, Chairman, and the other 
members of the Program Committee, J. R. Goldstein, E. J. Hor- 
key, Dr. A. L. Klein, R. M. Mock, R. W. Palmer, W. C. Rocke- 
feller, and L. E. Root, also merit the appreciation of the members 
of the Institute for their efforts in arranging an excellent program. 


JOURNAL BINDING 


Arrangements have been made to bind members’ copies of the 
Journal of the Aeronautical Sciences in a Hard Cover, any Stand- 
ard Color, of Library Buckram Cloth Binding, at the special price 
of $2.25 per volume. This price includes return postage. Each 
complete volume, ready for binding, should be sent parcel post 
insured or by express directly to Rademaekers, P.O. Box 657, 
Newark, New Jersey. The sender’s name and address should be 
clearly written on the package. A check or money order cover- 
ing the binding charges should be sent directly to the Institute 


at the same time. 


NAL INDEXED IN INDUSTRIAL ARTS INDEX 


Jour 

In response to many requests from subscribers, the Industrial 

Arts Index published by the H. B. Wilson Company, now includes 

references to the articles appearing in the Journal. The Index 
is or file in most libraries. 


INSTITUTE SESSIONS AT THE A.A.A.S. SUMMER MEETING 


Excellent discussions of the various aspects of high altitude 
flight featured the Institute sessions at the Summer Meeting of 
the American Association for the Advancement of Science at 
Seattle on June 21st. In addition to the program given in the 
June issue of the Journal the following paper was presented: 
WOLFGANG B. KLEMPERER, Douglas Aircraft Company, High 
Altitude Flight Without Power. 

In the evening 550 persons attended a dinner at which Robert 
J. Minshall received the Musick Memorial Trophy. An account 
of the dinner and the presentation and acceptance addresses ap- 
pears elsewhere in this issue of the Journal. 

The Committee in charge, composed of M. B. Crawford, Chair- 
man, Edmund T. Allen, A. Carlson, Dr. K. Martinez, V. C. San- 
ders, and G. Snyder, is to be congratulated on the excellent ar- 
rangements for the banquet as well as for the technical sessions. 


I.AE.S. STUDENT BRANCH AWARDS 


Two new awards to members of the Student Branches of the 
Institute, the I.Ae.S. Student Branch Scholastic Award and the 
I.Ae.S. Student Branch Lecture Award, were announced in the 
June issue of the Journal. Recipients of these awards, in addi- 
tion to those listed in the June issue, are as follows. 

Student Branch Scholastic Award: Robert Stebley, Aero- 
nautical University; Beal Madison Teague, University of 
Alabama; John C. Waller, Boeing School of Aeronautics; Se- 
bastian B. Nardo, Polytechnic Institute of Brooklyn; E. P. 
Hetzel, California Institute of Technology; W. O. Breuhaus, 
Carnegie Institute of Technology; Frank E. Marble, Case School 
of Applied Science; Charles H. Kaman, Catholic University of 
Raymond L. Bisplinghoff, University of Cincinnati; 
William McGinnis, 
Ward, Louisiana 


America; 
Gerald Coleman, University of Detroit; 
Lawrence Institute of Technology; James E. 
State University; E. Robert Britton, University of Michigan; 
Wayne Wiesner, Oregon State College; and R. H. Frost, Rens- 
selaer Polytechnic Institute. 

Student Branch Lecture Award: Joseph C. Battaglia, Aero- 
nautical University; Jacob Russell Johnson, University of 
Alabama; John J. Slattery, Boeing School of Aeronautics; 
Stanley E. Jarosh, Polytechnic Institute of Brooklyn; Orren B. 
Tufts, Carnegie Institute of Technology; Gordon R. Campbell, 
Case School of Applied Science; Joseph A. Ellis, Catholic Uni- 
versity of America; Irving Hirschfeld, University of Cincinnati; 
David Lewis and Kenneth E. Smith (jointly), University of 
Detroit; William L. McGinnis, Lawrence Institute of Tech- 
nology; Frank B. Chapman, Louisiana State University; Daniel 
Grudin, University of Michigan; Lewis E. Knerr, Jr., Oregon 
State College; and George P. Smith, Rensselaer Polytechnic 


Institute. 
PERSONNEL OPPORTUNITIES 


The Personnel Bureau serves individual members, as well as 
organizations seeking to employ aeronautical specialists. Any 
member or organization may have requirements listed witheut 
charge. 

Wanted 

The United States Civil Service Commission has announced 

examinations for Aeronautical Engineer ($3800 per year); Asso- 
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ciate Aeronautical Engineer ($3200 per year); Assistant Aero- 
nautical Engineer ($2600 per year); Associate Aircraft Inspector 
(factory) ($2900 per year); Associate Air Carrier Maintenance 
Inspector ($2900 per year); Senior Inspector, Engineering Ma- 
terials (Aeronautical) ($2600 per year); Inspector, Engineering 
Materials (Aeronautical) ($2000 per year); Junior Inspector, 
Engineering Materials (Aeronautical) ($1800 per year); Associate 
Aeronautical Inspector ($3500 per year); Assistant Aeronautical 
Inspector ($3200 per year); Instructor, Air Corps Technical 
School ($3800 per year); Associate Instructor, Air Corps Tech- 
nical School ($3200 per year); Assistant Instructor, Air Corps 
Technical School ($2600 per year); Junior Instructor, Air Corps 
Technical School ($2000 per year). Closing dates for these ex- 
aminations depend upon the number of applications received. 
Those interested can obtain further information by inquiry at 
their local postoffices or by writing the U. S. Civil Service Com- 
mission, Washington, D. C. 


Wanted 


An experienced engineer for work in an Experimental Towing 
Tank; must be capable of assuming responsibility for perform- 
ing independent investigations in model boat testing; initiative 
and accuracy essential qualities. Address reply to Box 101, 


Institute of the Aeronautical Sciences. 


Available 


Man with experience in light plane design, engineering capa- 
bilities, seeks connection with commercial or military manu- 
facturer. Address reply to Box 102, Institute of the Aeronautical 


Sciences. 


SECTIONS 


San Francisco. Prior to the dinner meeting held in honor of 
Majors Doolittle and Gardner at the Bellevue Hotel on April 
16th, the following officers were elected: J. R. MacGregor, 
Chairman, Russel G. Robinson, Vice-Chairman, J. E. Krenz, 
Treasurer, and Randall W. Kirk, Secretary. 


STUDENT BRANCHES 


University of Alabama. The final meeting of the year was 
held on May 8th. Prof. Otto H. Lunde spoke on the activities 
of the Institute. Beal M. Teague and Robert W. Gillespie 
presented papers on ‘‘The One Bladed Propeller’’ and ‘Wright 
Field,” respectively. Officers elected for the following year are 
Leon Anderson, Chairman, Albert Grottle, Vice-Chairman, and 
Robert W. Gillespie, Secretary-Treasurer. Two films were 
shown—‘‘The Disaster of the Hindenburg”’ and ‘‘The Birming- 
ham Air Races.”’ 


Casey Jones School of Aeronautics. At a meeting held on 
May 3rd, three films were shown: ‘‘The Nature of Air Flow and 
Air Flow Separation,” “Air Flow in a Compression-Ignition 
Engine,” and ‘‘Air-Fuel Ratio in a Compression Ignition Engine.” 


The following officers were elected at 
Frank 


University of Detroit. 
a meeting held on May 21st: Jack Peters, Chairman; 
Lewant, Vice-Chairman; Philip Blenkush, Treasurer; and John 
Ripplinger, Secretary. Captain Mitchell, an alumnus, spoke on 
“Flying with the National Guard.” 


Massachusetts Institute of Technology. Officers for the 
coming school year are: Chester W. Hasert, Chairman; Thad- 
deus F. Walkowics, Vice-Chairman; Quentin Wald, Secretary- 
Treasurer; and Prof. Richard H. Smith, Honorary Chairman. 
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University of Michigan. Officers for the school year 1940- 
41 were elected at a meeting held on May 20th which was at- 
Leslie J. Trigg, Chairman; 
Prof. 


They are: 
Leon R. Mosika, Treasurer; 


tended by 36 members. 
Edward A. King, Secretary; 
Milton J. Thompson, Honorary Chairman. 


University of Minnesota. About 30 members attended the 
May meeting and heard the presentation of the paper ‘‘Modern 
Aircraft Plywood” by Lorell Larson. The annual aero-picnic 
was held on May 29th. Over 100 members participated. 

New York University. At a recent meeting, Capt. F. E. 
Davis, of Eastern Air Lines, gave a paper on ‘Engineering 
Aspects of Modern Air Transports and Future Design Trends.”’ 
Sidney Isen is Secretary-Treasurer of the Student Branch, not 
Wilson Van Alst as was previously announced. 


Rennselaer Polytechnic Institute. For the first semester of 
David Anderton, Chairman; Hugh 
and Prof. 


next year the officers are: 
L. Hanson, Treasurer; Philip M. Fallon, Secretary; 
A. J. Fairbanks, Faculty Advisor 


The Branch lecture ‘‘Essential Aircraft 
Reichel was presented by H. David 


Stanford University. 
Instruments” by W. A. 
Delameter at a meeting held on May 6th. 


BACK ISSUES OF THE JOURNAL 


The Institute offers to its members, and to subscribers to the 
JOURNAL, until the supply is exhausted, the following issues at the 
special price of 20¢ per copy. These are the usual overprints of 
each issue and there are only a limited number of each available. 
Orders will be filled at this special price in the order of their re- 


ceipt. 
Please address all orders directly to Institute headquarters. 
Volume 2 
May and July, 1935 
Volume 3 
February, June, July, August, and September, 1936 
Volume 4 


August, September, and October, 1937 
Volume 5 
All numbers of Volume 5 are available with the exception of 
November, 1937, and March, 1938. 


CHANGES IN MEMBERSHIP 


The following changes in the membership of the Institute have 
occurred since the publication of the previous issue of the Journal. 


ELECTED TO MEMBER GRADE 


Bogen, John Shepard, B.S.; M.I.Ae.S.; Fuel Research Engi- 
neer, Universal Oil Products Co. 

Chillson, Charles White, B.S. in M.E. and Chem.E.; M.I.Ae.5S.; 
Project Engineer, Curtiss Propeller Div., Curtiss-Wright Corp. 

Doriot, Georges Frederic, M.E.; L.H.D.; M.I.Ae.S.; Prof., 
Industrial Management, Harvard Business School. 

Frank, Frederick Christian, M.I.Ae.S.; Chief Engineer, Air- 
plane Wheel & Brake Dept., Bendix Products Div., Bendix 
Aviation Corp. 

Goodlett, Edward Ross, B.S. in M.E.; M.I.Ae.S.; 
St. Louis Airplane Div., Curtiss-Wright Corp. 
Mathes, John Charles, B.S. in C.E.; M.1I.Ae.S.; 

Dowmetal Div., Dow Chemical Co. 


Engineer, 


Engineer, 
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Peters, Eric Charles, M.E.; M.I.Ae.S.; Power Plant Engineer, 
Glenn L. Martin Co. 

Poppen, John Ryer, M.D.; F.A.C.P.; M.I.Ae.S.; Comdr. 
(MC), U.S.N.; Medical Research Section, Bureau of Aero- 
nautics, Navy Dept. 

Speir, Godfrey Burras, B.S. in M.E.; M.I.Ae.S.; 
torney, Wright Aeronautical Corp. 

Sperry, Edward Goodman, M.E.; M.I.Ae.S.; Vice-Pres., Sperry 
Products, Inc. 

Stanley, Robert M.; B.S. in Ae.E.; M.I.Ae.S.; 
Vought-Sikorsky Aircraft, United Aircraft Corp. 
Thurston, Arthur Lincoln, B.S. in M.E.; M.I.AeS.; 

Engineer, Cox & Stevens Aircraft Corp. 

Wright, Herbert Beach, M.D.; M.I.Ae.S.; Flight 
Air Corps, Ohio Natl. Guard; Medical Examiner, C.A.A. 
Wright, John Henry, M.I.Ae.S.; Director of Aeronautics, Vir- 

ginia Polytechnic Inst. 


Patent At- 


Engineer, 
Chief 


Surgeon, 


ELECTED TO INDUSTRIAL MEMBER GRADE 


Gross, Robert Ellsworth, A.B.; M.I.Ae.S.; Pres. and Chairman 
of Board, Lockheed Aircraft Corp. 

Kellett, Roderick Gilroy, Litt.B.; M.I.Ae.S.; 
Treasurer, Kellett Autogiro Corp. 

Phillips, James A., Jr., Ph.B.; M.I.Ae.S.; Pres. and Gen. Mgr., 
Phillips Aviation Co. 


Vice-Pres. and 


ELECTED TO TECHNICAL MEMBER GRADE 

Branson, Orland D., B.S. in E.E.; Engineer, Bendix Products 
Div., Bendix Aviation Corp. 

Cheatham, Thomas Alfred, Jr., B.S. in Ae.E.; Aero. Engineer- 
ing Aide, U. S. Naval Aircraft Factory. 

Cosbey, Edward, Jr., Checker, Bell Aircraft Corp. 

Czarnecki, Kazimierz Roman, B.S. in Ae.E.; Jr. Aero. Engineer, 
N.A.C.A. 

Ford, James, Secretary to Director of Engineering, Curtiss- 
Wright Corp. 

Garrettson, John Alexander, B.S. in M.E.; 
Glenn L. Martin Co. 

Gustafson, Frederic Bowen, M.S. in M.E.; Jr. Aero. Engineer, 
N.A.C.A. 

Israel, Edmund Maxwell, B.S. in Ae.E.; Sr. Layout Engineer, 
Lockheed Aircraft Corp. 


Stress Analyst, 
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Jewett, Charles Sherwood, B.S. in Ae.E.; Test Engineer, 
Wright Aeronautical Corp. 

Kincaid, Frank Millender, Jr., B.S. in M.E.; 
Engineer, Wright Aeronautical Corp. 

Parker, Kermit Harold, Instructor, Sacramento Junior College. 

Rogers, John, Director, Rising Sun School of Aeronautics. 


Wallace, John Jaffray, B.S. in Ae.E.; Engineer, Howard Air- 


Asst. Project 


craft Corp. 
Wernitz, Walter, Dipl. Ing.; Aero. Engineer, Reichsluftfahrt- 
ministerium. Germany. 


Yates, Tom Llewellyn, B.S. in M.E.; Sales Engineer, Lord 


Manufacturing Co. 


TRANSFERRED FROM MEMBER To AssocIATE FELLOW GRADE 


Claude M. Fligg, Asst. Aero. Engineer, C.A.A.; Clifford M. 
Larson, Chief Consulting Engineer, Sinclair Refining Co.; Dr. 
W. Randolph Lovelace, II, Asst. Surgeon, Mayo Clinic; Comdr. 
F. W. Pennoyer, Jr., Head of Engineering Div., Bureau of Aero- 
nautics, Navy Dept.; Avery G. Richardson, Chief Engineer, 
Electrical Div., Fairchild Aerial Camera Corp. 


TRANSFERRED FROM TECHNICAL MEMBER TO MEMBER GrabDE 


Robert A. Darby, Aero. Engineer, Curtiss Aeroplane Div., 
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NECROLOGY 


WILLIAM MELVILLE BENSON 


William Melville Benson, a Technical Member of the Institute, 
died on June 1, 1940, at the age of 25. 

Born in Sea Cliff, N. Y. on August 16, 1914, Mr. Benson was 
educated at the Adalphi Academy and the Massachusetts In- 
stitute of Technology, where he received a B.S. degree in 1936 
He attended the Guggenheim Graduate School of Aeronautics 
at Stanford University, graduating in 1938 with B.S. and Engi- 
neer degrees. 

At the time of his death he was a flight research engineer for 
the El Segundo Division of the Douglas Aircraft Company. 


Book Review 


Experimental Aerodynamics, by H. C. Pavian; Pitman 


Publishing Corporation, New York, 1940; 168 pages, $2.50. 

This text is written, as the author states, ‘‘specifically to teach 
the uninitiated some simple, interesting,.and practical methods 
of experimental aerodynamic technique.’’ The text accomplishes 
this goal very well, and should make available to anyone inter- 
ested information assembled only in college courses or obtained 
by experience in an aerodynamic laboratory. 

The first chapter is a review of elementary aerodynamic prin- 
ciples embracing definitions of aerodynamic terms, the concepts 
of dynamic similarity, scale effect and turbulence. Then follows 
a chapter on the wind tunnel itself. A classification and dis- 
cussion of various types are given, along with descriptions and 
performance of many modern wind tunnels. A discussion of 
wind-tunnel design completes this chapter. A summary of 
balance requirements and descriptions of several simple types 
occupy the third chapter. 

Experimental technique and descriptions of simple experi- 
ments occupy the next four chapters. An outline of the velocity 


calibration and static pressure distribution in the test section is 
given, along with a description of the turbulence determination 
by the sphere drag method. Outlines are also given for the 
determination of airfoil characteristics and for the routine tests 
on an airplane model. It is regrettable that the methods of 
balance alignment and determination of the tare and interference 
corrections due to the model supports are scarcely mentioned. 


Chapter 7 is devoted to experiments on fans, blowers, propellers, 
and windmills. Similitude relations, experimental procedure, 
and presentation of results are discussed. Notes on model 
building, airspeed measuring equipment and sketches of some 
small inexpensive wind tunnels complete the main body of the 
book. The appendix contains a manual of operation of the New 
York University Nine-Foot Wind Tunnel which outlines the 
tunnel and balance operation, routine tests on airplane models, 
and presentation of results of such tests. 


J. BIcKNELL 
Massachusetts Institute of Technology 











Aeronautical Reviews 


These brief reviews of recent articles on aviation subjects are published by the Army Air Corps for the 
information of tts officers, and are printed here each month by permission of the Chief of the Air Corps 


Aerodynamics 


Analysis of the Prandtl Circulation Equation by Means of Trigonometric 
Series. K. Jaeckel. The formulation of Prandtl’s basic equation for the 
finite wing as an integro-differential equation is not bound to closer assump- 
tions than the corresponding potential- theoretically comprehended problem 
according to the proof offered. When the importance of the integral for the 
velocity induced at the wing by the vortex sheet is properly amplified, both 
formulations are proved of equivalent value as to their ranges, so that there 
no longer remains any doubt as to the use of F ourier series for the evaluation 
of the integro-differential equation, according to the stated method, also in 
the case of variable chord or angle-of-attack distribution. Luftfahrtfor- 
schung, February 20, 1940, pages 47-53, 36 equations. 

Experimental Methods for the Study of the Spin. A. Vannucci. Impor- 
tance of the study of the spin for safety in flight is pointed out. The vertical 
wind tunnel at Guidonia, the construction of models used in the experiments, 
and the distribution of mass on the models are described. Experimental 
technique for the study of the steady spin, including evaluation of photo- 
graphs, and the criteria for the elaboration of the data are rapidly reviewed. 
Experiments i in free fall, the preparation, and the study of the initial phase 

of spinning in various attitudes are discussed. L’Aerotecnica, February, 
1940, pages 79-89, 9 illus. 

Flows around Wings with Shedding of Vortices. C. Schmieden. Flow 
around a given profile, calculated according to conventional estimates, has 

a stagnation point at the trailing edge because of the Kutta- Joukowski condi- 
tion of wake in the case of finite edge angle. This is the principal reason why 
theoretical and experimental pressure distribution i in the vicinity of the trail- 
ing edge differs widely. An expression is developed in which, conditioned 
by the diversion of two vortex layers of like but opposite circulation, there is 
no stagnation point at the trailing edge but the flow there leaves the profile 
tangentially to the pressure side with the velocity in the air stream. Asa 
result, a better agreement with practical conditions is obtained in the pres- 
sure distribution. Luftfahriforschung, February 20, 1940, pages 37-46, 15 
illus., 35 equations. 

A Quarter Century of Brilliant Achievement by the N.A.C.A. T. N. 
Sandifer. Value of aeronautical research to the aviation industry is brought 
out by E. P. Warner in his comments on the passing of 25 years of research 
effort by the N.A.C.A. U.S. Air Services, May, 1940, pages 11-12. 


Aircraft Design 


Aeronautical Engineering Drawing Practice. W.L. Lewis. System sug- 
gested has been used in part by one of the major aircraft manufacturers. 
While some deviations have been made to adapt the system to the require- 
ments of smaller organizations, it may also be expanded to meet requirements 
of larger companies. Method of numbering and filing the drawings, syste- 
matic handling of drawings or parts into their respective major assembly 
units, provision for quantity requirements and the following assemblies and 
models on which the part may be used, and drawing classification of airplane 
assemblies in groups as used by the Navy’s Bureau of Aeronautics are dis- 
cussed. Aero Digest, May, 1940, pages 95-96, 180, 2 illus., 1 table. 


Hydrodynamic Support of Seaplanes. Immersed vanes located on sea- 
planes and lying on or in the water do not present improvements for take-off, 
and, in particular, they increase drag in water and in air. It would be pos- 
sible to make them retractable during flight, but these vanes are also said to 
be sensitive to the phenomena of cavitation and to run the risk of deteriora- 
tion upon encountering bodies floating between the two wakes. B. Worley, 
however, is an advocate of this arrangement which, he guarantees, would 
constitute great progress in marine aviation. 

Question of whether hydrodynamic support by immersed wings on or in 
the water can improve take-off of seaplanes is priefly discussed with quota- 
tions from a paper by B. Worley and brief references to and illustrations of 
early inventions by Forlanini Guidonia, Stern, and Pegna. During hydro- 
planing the floats of seaplanes first rising higher out of the water, have further 
contact with the water only on the edge of the step. To eliminate this con- 
tact, B. Worley proposes to install immersed vanes under the floats. These 
wings or vanes would guarantee a higher lift than that furnished by the floats, 
because on the latter lift is due to pressure exerted on the bottom of the float, 
while the immersed vane will be stressed by pressure on the bottom part and 
by depression on the upper part. It would also facilitate landing. Les 
Ailes, May 2, 1940, page 5, 3 illus. 

Prediction of Take-Off Run. W. N. Hammond. Practical method for 
predicting airplane ground performance is extended to the determination of 
preliminary flying characteristics and the required horizontal distance to 
attain certain specified heights. Aero Digest, May, 1940, page 64, many 
equations. 

An Analysis of the Aerodynamic Characteristics of Split Flaps. A. P. 
West. In the estimation of the effect of wing flaps on the performance of an 
airplane, questions arise as to which of the many reports available give results 
most readily applicable to the case being considered, and as to what allow- 
ance, if any, should be made for wing taper, flap cutout, and fuselage. Avail- 
able data are analyzed with a view to answering these questions. Data are 
presented in such a form that they may be readily applied to determine the 
most probable change in aerodynamic characteristics of a wing that may be 
expected from the use of this type of flaps. From the appendix, an estimate 
of the accuracy of the method can be obtained, as a comparison with full- 
scale data is given for lift and drag, while for the other flap characteristics the 
original curves are reproduced. Royal Aeronautical Soc., Jour., April, 1940, 
pages 338-349, 14 illus., 2 tables, 6 equations. 

Considerations on the Problem of High Speeds. Capt. G. A. R. I. A. 
Bellomo. Principal problems relative to the design of the high-speed air- 
plane are reviewed, including aerodynamic refinement and reduction of lift- 
ing surface, influence of the compressibility of the air on the design of air- 
planes, and helicoidal propellers. L’ Aerotecnica, February, 1940, pages 90- 
119, 15 illus., many equations. 
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ROTARY-WING AIRCRAFT 


Rotary- Wing Aircraft. J. A.J. Bennett. “Jump-off" or direct method 
of take-off is explained and equations are derived If the rotor is power- 
driven in flight, as in the helicopter, vertical ascent may be continued after 
the initial jump, which has the advantage over the normal helicopter method 
of take-off of quickly removing the aircraft from low obstructions and espe- 
cially from the effect of ground interference on stability. Rotaplane must 
attain forward speed during initial ascent if the aircraft is to continue to 
climb from the top of the trajectory Full power is supplied to the propul- 
sive propeller whenever blade angie is changed, the rotor simultaneously be- 
ing declutched from the engine. To obtain as high an initial rotor speed as 
possible, blade angle is set at the position of minimum drag (approximately 
zero lift), and there is no flow of air through the rotor disc. When the air- 
craft lifts off the ground, due to a sudden increase in blade angle, air moves 
downward through the disc, as in the helicopter, whereas when normal rota- 
plane flight has been achieved, flow through the disc is upward. 

General equations of motion are derived, assuming the downward flow to 
be immediately established. ‘‘Shock’’ effect caused by the inertia of the 
air and the ‘‘delay”’ effect due to upward swinging of the blades about their 
horizontal hinges are considered. Aircraft Engineering, April, 1940, pages 
109-112, 15 illus., 2 tables, 16 equations 


Stress Analysis and Structures 


Clamped Rectangular Plates with a Central Concentrated Load. D 
Young. General method of solution for rectangular plates with clamped 
edges and any kind of loading has been developed by S. P. Timoshenko. 
Present paper gives the results of calculations using this method for the 
maximum deflection, moment, and edge shears for rectangular plates of vari- 
ous proportions with all four edges clamped and loaded by a single concen- 
trated load at the center. Paper presented before the Applied Mechanics 
Division, A.S.M.E. Royal Aeronautical Soc., Jour., April, 1940, pages 350- 
354, 3 illus., 4 tables, 17 equations. 

New Methods of Calculation for the Verification (of the Flutter Character- 
istics) of a Wing Having a Special Form of Instability of Elastic Equilibrium. 
T. Viola. The ov verlapping of the instability in bending of the planform of 
a cantilever wing in its own plane, with that of the elastic equilibrium in tor- 
sion, gives place to a special phenomenon of mixed instability. This C. 
Minelli has translated analytically in the problem of determining the first 
positive natural value of a certain system of two ordinary differential equa- 
tions, linear and homogeneous, in two unknown functions, with given condi- 
tions for limits. Procedures of calculation, either analytical or numerical, 
for the solution of these problems are explained. The results confirm the pre- 
diction suggested according to which, other conditions being equal, the draw- 
ing back of the elastic axis makes the factor decreasing the critical velocity 
worse. ’Aerotecnica, March, 1940, pages 191-204, 3 illus., 11 equations. 

A New Covering for Airplane Wings. New process for the fabrication ¢ 
the covering of lifting surfaces, which has been patented by the D.V.L., 
perfectly gas tight and is constituted by a metallic sheet placed in a pede Fg 
between two layers of synthetic resin mixture. For example, by the utiliza- 
tion of a metallic sheet bearing a screen of 50 to 120 mesh/sq.cm., a sheet 
woven with wire of 0.12 mm. diameter, a covering would be obtained offering 
a resistance of 2000 to 3000 kg./sq. meter for a unit weight of the order of 
600 sr. and a thickness not exceeding 0.25 mm. Brief note. Les Ailes, 
May 2, 1940, page 5. 

Photoelasticity as Applied to Design Problems. 0. J. Horger and T. V. 
Buckwalter. If a machine member must have one groove, it may be stronger 
if several grooves are used. An annular groove near a press fit increases 
fatigue strength. Bolts are stronger by removing metal. By photoelastic- 
ity many design changes such as these are indicated Photoelastic analysis 
is explained and many design changes in machine parts which give improved 
stress distributions are discussed and illustrated. Optical equipment and 
setup used to make photoelastic studies in the Timken Research laboratories 
are described and illustrated. 

Studies described include: uniform beam in pure bending; a notched 
beam; stress concentration in an axle due to press-fitted wheel; stresses 
around a hole; critical stresses in hollow cylinders; examples of where the 
addition of a new notch increases fatigue strength of axles in rot ating bend- 
ing; roll-neck journal fillets; fatigue strength of various threaded joints; nut 
and bolt assemblies; effect of length of free threads under nut on repeated 
impact fatigue strength and alternate tension-compression fatigue limit of 
bolts; recommendations for bolt design when high fatigue strength is re- 
quired; effect of root radius of thread on repeated impact fatigue limit of 
bolts; comparison of fatigue limit for several axle designs; and effect of body 
diameter of bolt and bolt steel on the repeated imps act fatigue strength of 
bolts. Jron Age, May 23, 1940, pages 42-50, 14 illus., 2 tables 

Stainless Steel and Aircraft Trends. M. Watter. General review of 
various problems related to the employment of stainless steel in aircraft and 
covering the engineering, manufacturing, and service aspects Discussion 
includes: principal aircraft structures secondary structures and non- 
structural parts; shotweld process; sheet-metal operations; maintenance; 
and repairs. Aero Digest, May, 1940, pages 67-68, 71-72, 75, 175, 15 illus 
4 tables. 





Aircraft Maintenance 


Operation and Maintenance of Hydraulic Equipment. J. E. Thompson, 
Vultee Aircraft. Recommendations are made for the operation and main- 
tenance of hydraulic equipment, incluc jing: reservoir; engine-driven pump; 
hand pump; automatic pressure regulator; relief valve; pressure accumu- 
lator; pressure gage; filter; selector valve (metering type); actuating 
cylinder; check valves; and lines and fittings of hydraulic systems. Aero 
Digest, May, 1940, pages 50, 53-54, 57-58, 5 illus. 

Repair or Replace? Recommendations are made in connection with 
determining whether any aircraft part is unserviceable or not. By far the 
worst offender in regard to waste is the hydraulics system of the aircraft 
In that system are so many components to mystify even the initiated that 
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the moment any rt goes wrong it is whipped out and replaced. Aero- 
plane, May 10, 1940, page 640. 
Aircraft Manufacture 
Welding Technique in Aircraft Construction. K. Queitsch. Transla- 


the German Air Force welding handbook, de- 
scribing: welding of a Junkers aluminum gravity tank; welded and drawn 
Junkers pipe components; flanging of light-alloy tubes; Dornier welded 
air-intake manifold from aluminum sheet; and welded attachment fitting 
for shock-absorber leg and undercarriage strut of a Junkers Ju.52. Aircraft 
Engineering, April, 1940, pages 125-126, 9 illus. 

How Luscombe Builds Metal Planes. C.E. Burgess. Production meth- 
ods at the Luscombe Airplane Corporation, which permit the production 
of four metal light airplanes per day, are described. Entire procedure of 
production is based upon the fast assembly of prebuilt parts to the airplane 
as it goes through the line on an overhead conveyor. The parts made by 

various companies in quantities are finished and stacked in the subassembly 
division of the plant. Aviation, May, 1940, pages 44-45, 102, 10 illus. 

An Improved Alloy Developed for Metal Stamping Dies. Kirksite “‘A,’’ 
new zinc-base alloy developed by Morris P Kirk & Son primarily for the 
aircraft industry for use in forming the female dies employed in the produc- 
tion of sheet-metal stampings, is said to lower the cost of die maintenance 
and to improve the quality of drop-hammer stampings. Details of alloy 
= comparison of its tensile properties with those of prime Western zinc. 

Aero Digest, May, 1940, page 100, 1 table. 

Men and Machines. Monarch comparative breakdown test on flame- 
hardened and unhardened lathebed ways. Special machine developed by 
Chry sler for ball-burnishing and pre- lubricating valve stem guides in Chrys- 
ler engines. Lake Erie hydraulic straightening presses using “‘C’’-type gap 
frame design. Brown and Sharpe exhaust attachment for cylindrical 
grinding on No. 13 universal and tool grinding machines. Geometric 
double-spindle threading machine. Lyon _ sheet- handling truck with 
hydraulic elevating table. National Acme end-turning, end-forming, com- 
bination turning and threading circular cutters for use in standard circular 
chaser die heads. Pioneer portable cabinet designed to meet requirements 
of various desiccants used for control of moisture content of air and other 
Lister-Blackstone Power-Pak’ Diesel-electric power plants (3600 to 
24,000 watts). Short descriptions of this factory equipment. Automotive 
Industries, May 15, 1940, pages 452-455, 490, 10 illus 

The New Plant of Northrop Aircraft, Inc. F. R. Samuels. Northrop 
Aircraft is housed in a factory building loc ated east of the city on a tract of 
approximately 72.5 acres. The factory is built along lines suggesting opti- 
mum utilization of space coupled with maximum flow of production, and is 
served by a railway siding as well as a modern airport having a runway of 
3960 ft. in the direction of the prevailing wind. Exclusive of its wind tunnel, 
which is one of the few company-owned units on the west coast, Northrop 
has available a total floor area of 170,000 sq. ft. Details of plant layout and 
equipment. Avro Digest, May, 1940, pages 88, 91, 176, 179, 12 illus. 

Streamlined Aircraft Production. D. I. Carroll and C. F. McReynolds 
More planes and more profit in a square foot of floor space has been the aim 
of the Vultee Aircraft Company in the construction of its new factory. 
Great care has been taken so to plan and equip their plant that the need 
for specially trained personnel is kept at a minimum, and all personnel is 
given opportunity to reach full efficiency through having proper tools, 
adequate working space, and full accessibility to work. Tooling process 
has been streamlined so that the skilled worker does not lose time from his 
work in obtaining tools for his next work setup. Every phase of factory 
planning, and every type of production problem was considered from every 
possible angle during the planning period. Asa result it is believed that 
parts flowing through the plant are moving from : 25 to 50 per cent less dis- 
tance from raw stock to finished plane than in the average aircraft plant. 
Piant layout, stockroom location, layout of the assembly lines, and some of 
the production equipment designed by Vultee engineers or built to their 
specifications are described. Aviation, May, 1940, pages 38-41, 98, 11 illus. 


tion of another portion of 


gases. 


Aircraft 


High Loadings. Vultee Vanguard single-seater fighter, which is among the 
new American military aircraft being tried out by Wing Commdr. Addams 
on behalf of the British Air Ministry, is criticized from a British viewpoint, 
and rise in wing loading with power and armament is considered. Al- 
though no figures have been released, wing loading of the V anguard with the 
Double Wasp engine and additional eight smaller guns is estimated as 
40.49 lb./sq.ft. ‘According to the best available information, the Heinkel 
He.112 has a wing loading of only 34 Ib./sq.ft. and this i is considered by our 
designers to be dangerously high. The Hurricane is loaded to between 
24 and 25 Ilb./sq.ft. and the Spitfire is very little higher even than that.’ 
Description of the airplane and reference to the Vultee method of removal of 
the barrels and internal mechanisms from each gun without removal of the 
entire gun from its mountings. Flight, May 2, 1940, pages 398-399, 4 illus. 


FRANCE 

Bréguet 690-1. France’s light twin-engine “‘attack bomber,” the Bréguet 
691, has multipurpose possibilities and may be identified by its heavily ta- 
pered wings and long engine nacelles which extend aft of the trailing edge. 
It is arranged as a high-mid-wing or ‘‘shoulderdecker’’ monoplane. Engines 
of the 690 can be Hispano-Suiza 14 Ab’s or Gnéme Rhone 14 Mars (rated at 
680 hp. at 13,200 ft.). ~Type 691 is fitted with the latter. Cowling has only 
a small annular opening behind the spinner for the cooling air and is of long 
chord. Just forward of the adjustable gills on the trailing edge is a series of 
‘‘pepperbox”’ exhaust outlets and below each engine is a ducted oil cooler. 

Although not normally used by the L’Armée de |’ Air as a fighter the Bré- 
guet can be armed with two 20 mm. high- velocity Hispano-Suiza shell guns 
firing through the nose on each side and there i is a machine gun in the rear 
cockpit. Alternative forward armament is one shell gun and two machine 
guns. In ground-attack and bombing conditions armament would be one 
or two fixed rifle-caliber machine guns in the nose and a third on a pillar-type 
mounting at the rear with possibility of fitting a fourth to fire through the 
floor. Bomber version has provisions for eight vertically stowed 110 Ib. 
bombs or various combinations of smaller bombs for which traps are let into 
the bottom of the fuselage. Rear gunner’s position is provided with a re- 
tractable hood, the machine = being arranged to fold down into the top 
decking. Wing span 50 ft. 6i 

Bréguet 690 C.3 (154 gal. fuel) —W: ith Hispano engines: armament 622 
lb.; total weight 9920 lb; maximum speed 301 m.p.h. at 16,400 ft.; climb 
to 13, 000 ft. in 6 min.; range 684 miles at 186 m.p.h. With Gnéme Rhéne 
engines: total weight 9590 lab.; maximum speed 310 m.p.h. at 16,400 ft.; 
range 715 miles at 186 m.p.h. 
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Bréguet 690 B.2 (198 gal. fuel) With Hispano engines: armament 540 Ib.; 
bombs 1058 Ib.; total weight 11,022 lb.; maximum speed 295 m.p.h. at 
16,400 ft.; climb to 13,000 ft. in 7 min. ; range 838 miles at 186 m.p.h. 
With Gnéme Rhone engines: total weight 10,690 Ib.; maximum speed 304 
m.p.h. at 16,400 ft.; range 870 miles at 186 m.p.h. 

Bréguet 690 A.3 (264 gal. fuel)—With Hispano engines: armament 540 
Ib.; total weight 10,801 lb.; maximum speed at 16,400 ft. 295 m.p.h.; 
climb to 13,000 ft. in 7 min.; range 1150 miles at 186 m.p.h. With Gnome 
Rhéne engines: total weight 10,470 lb.; maximum speed at 16,400 ft. 
304 m.p.h.; range 1240 miles at 186 m.p.h. 

Description of construction and table of loads and performances for these 
six types. Flight, May 2, 1940, pages 400c—400d, 401, 5 illus., 1 table. 

The LeO.45 Bomber. All the LeO.45 bombers now being delivered are 
believed to be fitted with two Hispano-Suiza 14.A/ 4-cylinder two-row 
radials giving 1080 hp. at 13,100 ft With these engines maximum speed at 
16,400 ft. is 310 m.p.h., climb to 13,000 ft. in 10 min., diving speed 388 m.p h., 
range 745 to 1430 miles, useful load 1100 to 4410 Ib., and wing loading 35.2 
Ib. /sq.ft. Crew of four is carried. Nose is almost completely transparent 
for bomb-aiming and observational purposes Hispano- Suiza 20 mm. shell 
gun on a retractable dorsal mounting forms the main armament and is be- 
lieved to be manually trained and to have a limited arc of fire between the 
twin fins and rudders. For firing downward and rearward there is a 8-mm. 
Aviation 34 machine gun in a retractable turret toward the front of the 
fuselage. A fixed gun is controlled by the pilot. Bombs of 100, 200, and 
500 kg. are carried under the wings, and bombs of 10, 50, 100, and 200 kg. 
can be stowed in the fuselage. Crew stations are heated by hot air, having 
individual controls, and 8000 liters of oxygen are provided. Points to note 
for recognition purposes are taper of wings, sharp dihedral on tailplane, and 
unusual design of the vertical tail surfaces. Long description, characteris- 
tics, weights, and perform: ances with the engine mentioned above. Flight, 
May 16, 1940, pages 452c-452d, 453, 2 illus 

Sketchbook of the Structure of the Air- Wibault 1-00 Four-Engine Trans- 
port. J. Gaudefroy. Structures of the wing, fuselage, pilot's cockpit, 
mechanic’s station, auxilic ary group, and automatic piloting are illustrated in 
many drawings and the partly constructed airplane in its mounting —- is 
shown in a photograph. L’Aeronautique, March, 1940, pages 81- 32 
illus. 

France’s Curtiss Fighter. Curtiss Hawk H75-Cl is said to be slightly less 

maneuvrable than a Hurricane but rather handier than the Morane M.S.406. 
First French mz achines were delivered with two rifle-caliber Brownings in the 


fuselage and two in the wings, but another pair of wing guns has now been 
four-gun 





added, giving the machine superiority in fire power over the 
Messerschmitt Me.109. Provision is made for a rack of light bombs. 
Behind the pilot’s seat is a sheet of armor plating Maximum speed, with 
Pratt-Whitney Twin Wasp engine, 309 m.p.h. Description. Flight, 
April 18, 1940, pages 350a—350c, 7 illus., 1 table. 
GERMANY 

Arado 96 Training Airplane. A. Frachet. After a description of the 


Arado Ar.96 trainer, a new Messerschmitt Me.112 dive bomber, derived 
from the Me.110-fis ghter, is mentioned, as well as a new Heinkel He.112F 
single-seater pursuit which has been announced as offered for export in pay- 
ment of merchanylise. 

Arado Ar.96 tipo-seater low-wing all-metal trainer (Argus 240-hp. engine, 
top speed 295 kmi./hr.) has an alighting gear disappearing into the wing to- 
ward the tips. Wing of 1l1-meter span has been given a very important trans- 
verse dihedral and carries Handley-Page front slots and flaps. 

A later version, the AR.96B (Argus As 410A engine dev eloping 450 hp. 
for take-off and 360 hp. at 3000 meters) is described which is provided with 
landing gear retractable partly into the leading edge of the wing and partly 
into the fuselage. One camera gun is mounted straight ahead and the other 
to the rear. Bomb racks are fitted under the wings. Rear position is 
pivotable to give every facility to the future observer who also is trained in 
the manipulation of photographic and radio equipment. Performances are 
at a level sufficient to make it an airplane of transition between trainer and 
relatively old armed models. Maximum speed 310 km./hr. at sea level and 
340 km./hr. at 3000 meters. Range 1100 km. at 3000 meters with 185 kg. 
of fuel and 20 kg. of oil. Arado Ar.98 single-seater pursuit is said to be a 
combination of the Ar.96B and the Ar.79 which won five speed records in 

1938. Les Ailes, April 18, 1940, page 3, 6 illus. 


F.W.-187 Two-Engine Combat Airplane. A. Frachet. Focke-Wulf 
F.W.187 two-seater midwing monoplane may have a maximum speed of 580 
km./hr. at sea level, a climb to 2000 meters in 1.09 min. and to 6000 meters in 
6.03 min., and ceiling of 11,800 meters. Performances are those given by the 
Germans, and if they are true, they outclass those of the Me.110 in practice. 
The Fw.187 appears to be more especially designed for combat than the 
Me.110. Under these conditions it is difficult to understand why the 
Germans have preferred the Me.110 unless the Fw.187 has some defect not 
generally known. 

Fuselage of the Fw.187 is of small oval section and is made in four principal] 
bays assembled one to the other. Front cone is easily removable and covers 
a resistant structure serving as a carriage for either six machine guns or four 
machine guns and two cannons. Radio operator located behind the pilot 
has a gun mounted on a pivot. Airplane is powered by two inverted-vee 
12-cylinder liquid-cooled engines. Main and tail wheels are entirely retract- 
able. Construction described. Les Ailes, April 11, 1940, page 1, 2 illus 


The Luftwaffe—Its Inception, Organization, Disposition, Training, and 
Equipment. Although the Messerschmitt Me.110 was originally designed 
as a multipurpose type, and first produced as a fighter, the new modified 
bomber version is not to be despised. Photograph shows how the bombs are 
carried. Fighting points of the Me.110 are that, with its great speed (350 
m.p.h.), its good endurance, and its shell guns, it can keep on renewing at- 
tacks on other aircraft, keeping out of range of machine-gun fire while using 
its shell-guns, or closing in with machine-guns. The mass-produced Heinkel 
111, although a fine machine aerodynamically has several shortcomings as a 
military weapon. The Junkers Ju.88 follows the specifications of its prede- 
cessor, the He.111, and the designer has concentrated on load and speed. 
Most parts of the British Isles are within its range and it can muster a top 
speed of 300 m.p.h. It is also capable of dive bombing. It has not yet been 
provided with protective armor, and its armament consists of one machine 
gun firing forward and two to the rear. 

Mobility is one of the great points about the Luftwaffe. Operational 
stations are mostly in Western Germany. There are great numbers of air- 
ports and at least 500 of them are permanently manned and ready for use. 
Geschwade or air force units move freely and rapidly about the country, 
accompanied by freight-carrying aircraft, and so the German bomber forces 
may be massed one day near the Swiss frontier and then in a short time be 
transferred to the frontiers of Holland or to the shores of the North Sea. 
Flight, April 18, 1940, pages 347-348, 3 illus. 

The Me. 112 and He.112F. A Messerschmitt airplane, designated by the 
magazine ‘‘Les Ailes’’ as the Me.112, is said to have been developed from the 
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Me.110 and may be the machine, now called the Jagaur, which was illustrated 
in the April 4 and 11 issues of ‘‘Flight New version of the Heinkel He.112 
single-seater fighter, said to be known as the He.112F, differs considerably 
from the original model and is fitted with a Daimler-Benz D.B.601 engine. 
Designation He.112U may apply only to the machine in its speed-record form. 
The He.112 has been reported over the Western front. Brief reference only. 
Flight, April 25, 1940, page 373. 

138 Reconnaissance Flying Boat. The Germans are believed to have 
giv en up construction of the Blohm and Voss Ha.138 high-wing flying boat 
in large numbers Meanwhile many examples of the machine are in serv- 
ice in the Baltic. Although slow, the Ha.138 offers the advantage of an 
extended range of flight, and can reach 5000 km. It is said to be a copy of 
the Sikorsky S-40 and 41 with a short hull, a copy modernized and adapted 
to the constructive technique of that firm. Flying boat is specially designed 
to be catapulted and is powered by three Junkers Jumo 205.C engines 

At the prow there is an orientable turret for the front gunner and behind 
him the compartment for marine apparatus with servicing porthole. In the 
rear of this is situated the cockpit for the pilots, navigator, and radio operator, 
offering a good view in all directions. The washstand, restroom, and com- 
partment for the provisions and some spare parts are located in the hull. 
Firing station in the fuselage to the rear of the central engine defends the 
upper hemisphere and a firing station in the sternpost covers the lower sectors 
under the tail surfaces and wing. Wing span 27 meters. Wing loading 

130 kg./sq.meter. Movable load 3800 to 6600 kg. Maximum speed 275 
eh Description. Les Ailes, May 2 





, 1940, page 3, 3 illus 


GREAT BRITAIN 

Flying the Master. Recommendations given by Phillips and Powis Air- 
craft, Ltd., on how aerobatics should be carried out in the Miles Master high- 
speed training airplane. The Master has deliberately been given a high 
wing loading (actually it is about the same as the Spitfire) and must accord- 
ingly be treated with the same respect as modern fighters. Instrument board, 
starboard side of the cockpit, and control box are illustrated in photographs 
and drawings. Flight, April 18, 1940, pages 348-349, 6 illus. 

Aircraft of the R.A.F. Designing firm, duties, number of crew, type of 
construction, wing span, power plant, total maximum horsepower, arma- 
ment, top speed, and gross weight, as well as a photograph, are presented for 
each of the following aircraft: Spitfire, Hurricane, Defiant, Blenheim Marks 
I and IV, Gladiator, Whitley V, Wellington, Hereford, Hampden, Beaufort, 





Battle, Bombay, Lysander II, Queen Bee, Henley, Flamingo, Proctor, 
D.H.86b, Master, Oxford, Harvard, Magister, Tiger Moth, Harrow II, 
Hudson, Anson, Sunderland, Lerwick, Stranraer, and London Flight, 


March 9, 1940, pages 427—430, 31 illus. 


THE NETHERLANDS 

Koolhoven Vliegtuigen. P. Masefield. Information collected in the 
course of a visit to the Koolhoven Works at Waalhaven immediately before 
the invasion of Holland by Germany is presented, including: modifications 
on the FK.56 trainer, details of the FK.58 313 m.p.h. single-seater fighter and 
description of the Koolhoven articulated cartridge trays which can be put in 
stressed skin wings through a small aperture. History of the company, 
Koolhoven's two weeks before the invasion, ingenious details about Kool- 
hoven airplanes and the wing shop are discussed. Aeroplane, May 17, 1940, 
pages 678-681, 11 illus 

Slot Touring Airplane as a Model of a Pursuit? T. E. Slot, a Dutch 
engineer, has built a small touring airplane of an interesting formula Itisa 
midwing monoplane which is powered by a Hirth 160- hp engine driving a 
pusher propeller, and which has tricycle landing gear, main wheels of which 
are retractable in the wing. Wing of 11.35 meter span possesses fixed slots, 
like those of the Lockheed arranged near the tips, and lower-surface flaps. 
Tests preceded those of the Schelde S-21 pursuit airplane (1100 hp. rear 
engine), which was also studied by T. E. Slot. It seems then that the S-20 
may be a flying model of a combat airplane capable, say, of exceeding 600 
km./hr. Brief reference. Les Ailes, April 18, 1940, page 5, 1 illus. 








ITALY 

New er: gy Caproni ‘‘Vizzola’’ F-5 low-wing pursuit monoplane 
(Fiat A-74 R » 840-hp. engine) climbs to 6000 meters in 6.03 min. and is 
of mixed rhe Ss ction. It should make around 510 km./hr. The ‘‘Aero- 
nautica Umbra’’ T-18 (Fiat A-80 R.C.41 engine) and the ‘‘Reggiane’’ Re.2000 
(Piaggio XI R.C.40 1000-hp. engine) all-metal pursuits bear a resemblance 
to the single-seater Seversky combat airplanes. Characteristics of these 
pursuits and their minimum speed and climb (except for the T-18) are given. 

In regard to bombers, it is said that the construction of the Fiat B.R.20 
two-engine metal airplanes, two airplanes with maximum speeds around 420 
km./hr., has been intensified. In spite of the disappointment shown in 
Spain for the three-engine airplanes, the Italians seem to have retained a 
novel airplane of this formula. This bomber which is an improved version 
of a relatively old model, is the Cant Z.1007.B (three Piaggio XI R.C.-40 
1000 hp. engines, time to climb to 4000 meters 11 min., minimum speed 135 
km./hr., wing span 24.80 meters, and useful load 4200 ‘kg. 3 

Among the airplanes known or in service, the Italian Air Force now 
possesses the Piaggio metal bomber and those of the Savoia S-79 series and 
its derivatives. The Breda 88 two-engine attack and light bomber of 500 
km./hr. equip these formations. The pursuit is represented, for the large 
part, by the Fiat R.C.32 biplanes, now old, and by others more modern, such 
as the R.C.-42, the Fiat G-50 and the Macchi M-200. The two latter are 
monoplanes and are employed as “‘interceptors.’’ Quotations from publica- 
tion by General F. Pricolo, Italian Under Secretary of State for Air. Les 
Ailes, April 18, 1940, page 4, 6 illus., 1 table. 





U.S.A. 

Aeronca Tandem Trainer. Recommendations and suggestions of instruc- 
tors now engaged in the Civilian Pilot Training Program have been incorpo- 
rated in Aeronca’s new Tandem Trainer. Models are powered as follows 
Model 50 TL with the 50 hp. Lycoming; 65 TL with the Lycoming 65; 
Model 60 TF with the Franklin 60; and Model 50 TC and 65 TC with the 
50 and 65 hp. Continentals, respectively. Wing span 35 ft. Wing load- 
ing 6.8 lb./sq.ft. Maximum speed 90 m.p.h. with 65 hp. engine and 85 
m.p.h. with 50 hp. engine. Rate of climb 600 ft./min. (65 hp. engine). 
Cruising range 250 miles (65-hp. engine). Aero Digest, May, 1940, pages 
99-100, 7 illus. 

Comfortable Flight along New High-Level Superairways. The Boeing 
307-B Stratoliner 33-passenger altitude-conditioned transport is ready for 
long-range high-speed over-weather flying. Description of tne Stratoliner, 
including voneres of its passenger accommodations and cabin supercharging 
system. Air Services, May, 1940, pages 14—16, 38, 1 illus. 

Curtiss- shared New Basic Combat Fighter. Curtiss-Wright C-W 23 
high-speed heavily-armed basic-combat airplane being made in the St. 
Louis Airplane Division is a two-seater designed also for tactical training 
missions, and for attack gunnery, aerial photography, light bombing, photo- 
graphic gunnery, radio communications, long-range observation and re- 
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connaissance, and instrument flight assignments. Top speed is over 325 
m.p.h. and the airplane can climb over 3000 ft./min. Six 0.30 and 0.50 
caliber Colt-Browning machine guns may be located in the wings, rear cock- 
pit, and fuselage. Rear cockpit is equipped with controls and swiveling 
seat so that both pilotage and flexible gunnery operations may be performed 
from that position Tell-Tale visual signal device, designed for directing 
the pilot’s attention to improper operating conditions as well as for identify- 
ing the specific items at fault, is installed in the front cockpit Landing 
gear is fully retractable with a retractable full-swiveling steerable tailwheel 
Long description of construction and equipment, but no characteristics or 
performance figures. Aviation, May, 1940, pages 52-53, 110, 3 illus 

Fairchild Trainer for 1940. ‘‘With the attitude of the Air Corps appar- 
ently drifting toward the low wing primary trainer it is important when a new 
model of this type of ship has been accepted.’ Description of the Fairchild 
M-62 (PT-19) in quantity production at Hagerstown. Trainer is powered 
by a Ranger 6-440 C-2 175 hp. engine, which can be run on 65-octane fuel 
Top speed at sea level 135 m.p.h Rate of clim> 835 ft./min. Span 35 ft 
llin. Description lviation, May, 1940, pages 54, 126, 3 illus 

Flight Test of the Curtiss-Wright Transport. ‘‘It took less than ten sec 
onds for the 19 ton Curtiss-Wright Transport to leave the ground once the 
blocks were pulled to start its maiden flig it.’’ Short description of first test 
flight and results obtained lvialion, May, 1940, page 58 U.S. Air 
Services, May, 1940, pages 20-21 1 illus 
Into the Sub-Stratosphere. K. J. Minshall. Detailed description of the 
Boeing Model 307 Stratoliner, first pressurized-cabin airplane to be delivered 
to the airlines, including its structure, pressure cabin, supercharging control, 
ease of maintenance, and control cabin ivtation, May, 1940, pages 46-49, 
116, 119-120, 9 illus 


Aircraft Refueling in Flight 


The Progress of Refueling in Flight. Sir Alan Cobham and M. Langley. 
For military aircraft refueling shows to greatest advantage in long-range 
bombers and reconnaissance machines. Conditions undoubtedly vary in 
different situations, but in general it may be said that high altitude is not 
required until some time after the start of the flight By then sufficient 
fuel has been used up to permit the machine toclimb. If maximum military 
load has been taken off the ground and fuel added in flight, the effectiveness 
has thereby been improved. This military load is consequently fixed by the 
required ceiling when over enemy territory, and not by the necessary fuel 
to get it there. While additional take-off power may possibly be necessary 
for certain classes of military aircraft (fighters), the authors consider that it 
is likely to be of less use in airliners and heavy bombers, and that the take-off 
loading will be limited by landing and emergency conditions near the ground 
When refueled in flight, a machine need never be near the ground in an over- 
loaded condition 

Design of a typical four-engine airliner for refueling in flight is illustrated 
and a table of detailed weights is given Discussion also includes: develop- 
ment in the last ten years; Atlantic service of 1939; conclusions drawn from 
the Atlantic service; process of refueling in flight; advantages of the ejec- 
tor method; methods of assisting take- off; advantages of low- -power load- 
ings for take-off and refueling in the air; nonstop refueling; future applica- 
tions and development; two alternatives in the refueling of flying boat in 
flight; future aircraft, engine, and fuel developments; four-power units as 
the ideal arrangement and advantages of six or eight power units; other 
arrangements of propellers and engines possible; loads caused by catapult- 
ing; and high-aititude flying. Long abstract of Royal Aeronautical Society 


paper. Aeroplane, April 19, 1940, pages 558-562, 4 illus., 1 table Discus- 
sions following the presentation of the paper Aeroplane, April 26, 1940, 
pages 588-589, 1 illus. See also Flight, April 25, 1940, pages 383-385, 1 


illus. 
Air Transportation 


Atlantic Rumors. In spite of the pressure of war-time production, the 
Dornier works at Friedrichshafen are reported to have finished, for trans- 
atlantic service, a four- engine flying boat which is said to have a range of up 
to 5500 miles. Germany is reported to be considering a transatlantic serv- 
ice this summer. France is to join the race with a new Potez 40 ton flying 
boat. Air France is expected to start experimental flights by way of the 
Azores and a regular service is hoped for in 1941. Brief ref. leroplane, 
April 26, 1940, page 591. 

Wings for Transportation. T.P. Wright. History of air transportation; 
air transportation in competition with other transport methods; equipment 
used in air transportation; growth of air transportation; economic aspects; 
growth in size of airplanes; improvements in comfort and safety; trend in 
airplane characteristics; modern air-transport airplanes; the future for 
performance; and the future of air transportation. Paper presented at 
joint meeting of Franklin Institute and the Institute of the Aeronautical 
Sciences. Franklin Inst., Jour., April, 1940, pages 413-454, 40 illus. 

Air Transport in Australia. Nearly 10,000,000 miles were flown and nearly 
100,000 passengers were carried on subsidized and unsubsidized airlines, 
scheduled mileage flown per week is 166,375 miles and route mileage is 
30,475 miles, according to the report of the Director General of Civil Avia- 
tion for the year 1938-39. There are 232 licensed airports in Australia and 
New Guinea in addition to* 254 approved emergency landing grounds 
Aircraft owners total 166 and number of registered aircraft 344. Short note 
giving also accident statistics and freight carried. Aeroplane, May 17, 1940, 
page 683 

Operations of Inter-Island Airways. Development and present equip- 
ment, air traffic organization, and radio facilities of Inter-Island Airways in 
its operations among the Hawaiian Islands, are described. Aero Digest, 
May, 1940, pages 63, 176, 2 illus, 

Pennsylvania-Central Airlines Thirteen Years of Growth. C. B. Monro 
History of the fifth largest airline in the United States, and its present organiz- 
ation 

Second article by L. Harris, entitled ‘‘Maintenance Procedure on P. C. A.,”’ 
describes the maintenance methods, including: overhaul periods; sound- 
proofing investigation in cooperation with Douglas and Wright engineers; 
new reduction gear; and engine overhaul Aero Digest, May, 1940, pages 
103-104, 107—108, 111-112, 115, 17 illus 

Twenty Years of Swiss Air Transport. 
Swissair. L’Aéronautique, March, 1940, pages 75-79, 


History of the development of 
14 illus 


Balloons 


oa Interest in the Observation Balloon Exist in Modern Warfare? 
H. Monand V ulnerability of the observation balloon in the vicinity of a 
faa airplane limits its use however Valuable it may be for control of 
artillery fire Progress of observation balloons, the motorized balloon, and 
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progress in balloon details and in winches are discussed, and the captive 
helicopter (with telephone wire to the ground) is compared with the balloon. 
A sausage balloon used by the Germans for barrages, and a dilatable observa- 
tion balloon are illustrated. Les Ailes, May 2, 1940, pages 4—5, 3 illus. 

On the Origin of Balloons for Defence. A. Bié. Defence balloons made 
their appearance almost simultaneously on the French and Italian fronts in 
the course of the fourth quarter of 1916. Early development, use in 1917, 
and the Italian designs are described. L’Aéronautique, March, 1940, 
pages 94-96, 5 illus. 


Propellers 


Stressing of Airscrew Blades. J. B. B. Owen. Bending moments in a 
propeller blade due to air and centrifugal forces are estimated, the initial 
curvature, twist, tilt, and sweep being taken into account. Bending of a 
blade in steady running conditions is dealt with chiefly. By replacement of 
accelerations by reversed effective forces, it is not difficult to extend the work 
to study accelerated-flight and blade vibration states provided the accelera- 
tions and damping forces arising are known. It is demonstrated that simple 
graphical processes, yielding ‘‘type solutions,’’ can be used to arrive at the 
true bending moments and the true shears follow from the equations given. 
Remaining stage in the calculations is that of estimating the stresses caused 
by these actions and comparing them with allowable stresses. 

In the case of thicker parts of the blade near the root it is probable that 
the well known theory of unsymmetrical bending estimates satisfactorily 
the longitudinal bending tension and compression, each portion of the blade 
being considered as part of a long beam of the same cross-section. Direct 
longitudinal tension due to the centrifugal force may be added to these 
results, but the estimation of the shear stresses due to bending and torsion 
is not as easy, and it is probably no longer justifiable to neglect taper. All 
stresses should be combined and the greatest shear and direct stresses found. 

In the case of the thinner parts of the blade near the tip, standard treat- 
ment of bending assumes that all displacements are so small that their 
squares may be neglected and also each longitudinal fiber is allowed perfect 
freedom to contract laterally, which may not be the case with thin sections. 
Further it neglects the tendency of the section to twist so that the resultant 
moment axis and the minor axis of inertia approach each other. This 
Griffith considers will in general be negligible, but he argues that in the thin 
part of the blade, elastic displacements may considerably alter the moment 
of inertia of the cross-section causing the appearance of secondary stresses 
which vary partly as the square of the applied loads. Aircraft Engineering, 
April, 1940, pages 97—100, 108, 8 illus., 12 equations. 

Study of Airscrews for High Speed Aeroplanes. L. Lazzarino. With 
increase in speed of flight, the diameter of optimum efficiency and the maxi- 
mum possible value of efficiency of a propeller diminish, according to the 
calculations presented. Efficiency of a system of two counter-rotating pro- 
pellers with different angular velocities i is then determined, as well as varia- 
tion of efficiency with variation in the relation between the angular veloci- 
ties of the two propellers. With increase in height and speed of flight, 
propeller performance inevitably falls off, frequently in a marked degree, 
this being mainly due to the decrease in aerodynamic efficiency of the blade 
sections at high Mach numbers. 

Influence exerted upon the performance of a propeller by the various 
parameters that determine it is analyzed with special reference to those con- 
nected with the speed and height of flight. Similar study has also been made 
of systems constituted by two counter- rotating propellers with a view to 
comparing them with isolated propellers designed to absorb the same power 
under identical conditions. By the methods described, an approximate 
numerical evaluation of performance can be made, utilizing a 
results already obtained. Translated from L’Aerotecnica, July, 1939. 
Royal Aeronautical Soc., Jour., April, 1940, pages 322-327, 5 illus., 5 tables, 
43 equations. 

Fabricating ‘‘Presteel’’ Aluminum Alloy Propeller Hub Domes. H. T. 
Burke and C. C. Higgins. Using No. 61, a new aluminum alloy developed 
by the Aluminum Company of America, the Worcester Pressed Steel Com- 
pany is now cold-pressing aircraft propeller domes for the Hamilton-Standard 
propeller. Cold-forming and other operations in producing the domes are 
described and mechanical properties of the new alloy are presented in a table 
and discussed. No. 61 consists of 98 per cent aluminum, 0. 55 per cent 
silicon, 0.96 per cent magnesium, 0.25 per cent chromium, and 0.25 per cent 
copper. Its physical properties indicate a density of 2.70 at 20°C., weight of 
0.098 Ib./cu.in., an electrical conductivity of 40 compared with 100 for copper, 
and 0.37 c.g.s. ‘units of thermal conductivity. New dome weighs 14!/2 lb., 
1 Ib. less than the old forging. Aero Digest, May, 1940, pages 87, 175, 4 
illus., 1 table. 

Outstanding Features of the DeHavilland Hydromatic Quick-Feathering 
Airscrew—Upended Blade Root. Advertisement shows macrophotograph 
of a sectioned blade root of a DeHavilland controllable-pitch propeller illus- 
trating grain flow achieved by the special forging process. Blade root is 
upended so that it forms a large smooth radius on the exterior, thus provid- 
ing a shank to take centrifugal loads with the least possible stress concen- 
tration. Aeroplane, May 17, 1940, pages 18-19, 2 illus. 

The Rotol Constant Speed Airscrew. Rotol hydraulically-controlled 
constant-speed propeller hubs driving three-blade wooden or magnesium 
propellers are in service in large numbers in the Royal Air Force today. 
Rotol propellers have a pitch range of 35°, necessary to meet the increasing 
demands of the fast single-engine airplanes of today, and is the only pro- 
peller of its type that can be supplied with either metal or wooden blades. 
Constant- speed governor described is driven from the aircraft engine which 
allows oil to flow through one or the other of two valves, one on each side of a 
fixed piston in a sliding cylinder in the propeller hub to maintain a constant 
speed in all conditions. Blades are offset to their radial center line so that 
the opposing thrust and centrifugal forces can balance each other. Sectional 
drawings show the Rotol governor unit driven by the aircraft engine and the 
working of the Rotol hydraulically-operated controllable-pitch hub. De- 
tailed description. Aeroplane, May 10, 1940, pages 648a—649, 3 illus. 


Miscellaneous 


Hints on Seaplane Operation. F. H. Smith. Recommendations in re- 
gard to equipment and accessories, precautions before take-off and maneu- 
vering during take-off, after take-off, and in landing. It is recommended 
that the plane stay near the water and avoid river valley flying. Aero 
Digest, May, 1940, pages 40-41, 79, 3 illus. 


Acoustics ’ 


Intensity of Sound Produced by Rapidly Moving Profiles. W. Holle and 
E. Luebcke. In measurements of the sound intensity of cutting tones and 
the volume of sound of the rotational reverberation of propeller- and centrifu- 
gal-force fans as a function of the tip speed of the moving profile, an in- 
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crease with the 6th to 7th powers of the tip speed has been found for a large 
speed range up to 250 meters/sec. From simultaneous measurements of the 
air friction losses, which increase with approximately the 3.5th power of the 
tip speed, an increase of the sound conversion factor from 10-8, to 10~°, at tip 
speeds from 20 to 50 meters/sec. to several per thousand at 250 meters/sec. 
has been determined. An aerodynamic explanation of the sound-intensity 
increase with more than the 4th power, that is, the increase of the sound 
conversion factor, is still lacking. Its cognizance may offer possibilities for 
the reduction of the noise of rapidly moving profiles. Report of the Acoustic 
Laboratory of the Braunschweig Technical College and Dynamo Works of 
Siemens-Schuckertwerke, A. G. Lufifahriforschung, February 20, 1940, 

pages 56-58, 9 illus. 


Aircraft Instruments and Navigation 


Comparative Examination of Various Problems of Control in Regard to 
Meeting the Laws of Control by Proper Control Devices. W. Oppelt. 
The regulator is classified according to the properties of the devices into 
“regulators with coordination as to position,” and ‘‘regulators with coordina- 
tion as to rate of travel.’’ Further classification is made according to the 
characteristic diagram of the power switch into ‘‘continuous,”’ ‘‘stage,’’ and 

“interval” regulators. The consequence change in results formerly obtained 
is presented and explained. Direct and indirect regulators are included in 
the discussion, and pressure controls, speed controls, temperature controls, 
and vehicle automatic controls are covered. Report of Anschuetz and 
Company. Luftfahrtforschung, February 20, 1940, pages 59-64, 8 illus., 3 
tables, 2 equations. 

Electro-sonic Altimeter for Aircraft. J. H. Jupe. New altimeter de- 
veloped in Great Britain is based on the well known principle of measuring 
the time taken for a sound wave to be reflected back to the generating source, 
and is designed to operate entirely from a 24-volt storage battery which 
drives a motor-driven alternator. Sound is generated by allowing the motor 
to speed up to about 10,000 r.p.m. and then short circuiting the alternator 
rotor across the voice coil of a moving-coil loudspeaker. This speaker has a 
small metal diaphragm in place of the usual one and so favors the higher 
audio frequency vibrations. Duration of the outgoing pulse is '/190 sec. and 
is repeated at l-sec. internals. For the time being, 750 ft. is the maximum 
height at which the apparatus will work and this is over grassland, the 
maximum height over water being 450 ft. Short description. Electronics, 
April, 1940, page 54. 

A New Fuel Gauge. Waymouth fuel-contents gage operates on the prin- 
ciple of measuring specific inductive capacity of the fuel or oil in the tank. 
Two plates, one of which may be the usual baffle, between '/s in. and '/2 in. 
apart and insulated from one another, are fitted vertically inside the tank, 
the plane of the plates being in the direction of flight. These two plates 
become an electrical condenser, capacity of which varies according to the 
area of the plates immersed in the fuel. Dashboard instrument is a direct 
reading electrical capacity meter. Suitable design of condenser plates and 
use of a switch incorporated in the dashboard instrument enables the con- 
tents of tanks of dissimilar size and shape and containing either fuel or oil to 
be shown on the same scale. As many as six tanks may be connected to one 
instrument. Brief description. Flight, May 16, 1940, page 468, 1 illus. 


A New Aircraft Fuel Meter. Kent ‘‘M’’-type flow meter described was 
designed to give the pilot accurate readings of engine fuel consumption. 
Indication takes the double form of a dial graduated in rate of flow in gal./hr. 
and a 3-figure counter totaling fuel consumed by each engine. For the latter 
reading a subtracting counter can be substituted giving quantity of fuel in 
the tank. Transmitter unit or units may be installed close to each engine 
(on fuel supply between pump and Amal regulator) and receiver unit placed 
on the instrument panel. Wiring diagram is elementary, containing only 
transmitter, receiver, switch, panel light fuse, and connection to a 12 or 24 
volt battery. Prime mover of the meter is identical with that of the Kent 
water meter. Aluminum piston is really a displacer, finished to very fine 
limits and practically frictionless, having a finite cycle corresponding to 
flow of an exact quantity of gasoline through the meter. For every such 
cycle the counter-driving spindle is rotated once and this movement is taken 
up through suitable reduction gearing and through a gland spindle to a dry 
compartment in which the transmitter gear is situated. Aircraft Engineer- 
ing, April, 1940, page 127, 3 illus. 


Speed Indicator of the Guidonia Research Center. Novel speed indicator 
of great sensitivity has been tested at Guidonia. It should be capable of 
furnishing exact indications for all the speeds taken between that of landing 
and 550 km./hr. Parts of the instrument are arranged, in fact, for amplify- 
ing the deformation of the capsule which constitutes the base of the system. 
Dynamic pressure, registered by a pitot tube, is communicated to a mano- 
metric capsule, deformations of which are transmitted by a lever to the 
axis of articulation of a toothed sector. The latter is in engagement with a 
solid pinion of the indicating pointer, the pointer pivoting in the axis of a 
dial graduated in km./hr. Variation of sensitivity of the indicator is ob- 
tained by the toothed sector. The latter, in fact, is not pivoted around the 
center of the circumference in conformity with which it is traced, but around 
an axis much nearer to the point where the capsule operates the lever which 
pivots it. The capsule is deformed relatively less for great speeds and yet, 
as the arm of the sector diminishes as fast as the speed increases, the indicat- 
ing pointer pivots from this point by a greater angle for a given angular 
motion of the toothed sector. Brief note. Les Ailes, April 18, 1940, page 5, 


1 illus. 


NAVIGATION 

Graphic Solution of Great Circle Track. Lt. Comdr. J. R. Griffith. 
The D’Ocagne Nomogram, briefly mentioned by Weems in the solution of 
the haversine formulas for zenith distance and azimuth, may also be used to 
quickly determine some of the great circle factors. Drawing of the nomo- 
gram and its use are described. Aero Digest, May, 1940, pages 49, 175, 1 
illus, equations. 

Comparison between Two Known Methods of Navigation. E. Pistolesi, 
Jr. Two methods of navigation in the presence of wind are compared, 
namely, the method of the rectilinear course and that which is obtained by 
constantly directing the nose of the airplane toward the destination. The 
relation of time necessary to pass over the assigned course in the two cases is 
determined. L’Aerotecnica, March, 1940, pages 205-211, 5 illus., 1 table, 
10 equations. 


Airport Equipment 


Arctic Strips for Fighters. “Landing strips need not have concrete sur- 
faces. Last Winter in France the R.A.F. made some use of iron grid run- 
ways. They were hard on tires but at least they allowed fighters to take off 
and land on fields of mud and they may serve again in Central Norway when 
the thaw comes. . Now that British fighters are using 100-octane petrol 











AERONAUTICAL REVIEW 


and are mostly fitted with the constant-speed airscrews, they need compara- 
tively little space for the take-off. Their rate of climb also has been im- 
proved.’’ Brief editorial. Aeroplane, May 3, 1940, page 608. 

Two Wide-Span Reinforced Concrete Aircraft Hangars. A. Mehmel. 
Two wide-span reinforced concrete hangars, 60 meters wide and 16.12 meters 
high, are described which are built according to two different methods for 
similar ground plan and for other similar requirements. First hangar is 
calculated and constructed according to elements of the classic reinforced 
concrete construction (arch, beams, plate girders, and plates). The other 
hangar is erected according to the shell type of construction, which can be 
considered as plate girder construction in that the plates are arched and the 
standing curve supports cross ties over the support. V.D.J., March 9, 
1940, pages 171-172, 8 illus. 


Electrical Equipment 


“Drop-testing” Aircraft Electrical Apparatus. In the drop test, a certain 
drop of volts is observed, and a definite reasoning is applied to any variation 
of voltage from normal. This variation, if correctly interpreted, indicates 
the conditions in any item of aircraft electrical equipment under test. 
Drop testing an aircraft generator is described. Drawings show the method 
of drop testing an armature, a wave-wound armature, and testing earth loca- 
tion on a faulty armature. Aeroplane, April 19, 1940, pages 563-564, 4 
illus. 

Insulation Resistance and Bonding. Operating principles of a permanent 
magnetic system for testing insulation resistance of aircraft electrical appara- 
tus and circuits, action of an ohmmeter for testing bonding and screening 
connections, and operating characteristics of another instrument used for 
testing bonding and screening connections of aircraft are described. Aero- 
plane, April 26, 1940, pages 598-599, 3 illus. 


Miscellaneous Equipment 


Two New Factory Products. Explosive rivet originated at the Heinkel 
works in Germany and further developed by DuPont in the United States’ 
and Aero-Thread made by the Aircraft Screw Products Company are de- 
scribed in detail. Rights to both have been brought to Britain by Capt. P. 
Percival. Previous objection that the products of the explosion in the rivet 
were corrosive is said to have been overcome, and uniformity of head shape 
has been obtained. One sample showed three thicknesses of 1/s in. steel 
plate riveted together by explosive rivets made of steel. Flight, April 18, 
1940, pages 367-368, 2illus. Aeroplane, April 19, 1940, pages 564 and 566, 
6 illus. 

A Simple Hose Clip. New Dundas hose clip for pipelines consists of three 
simple parts. Main component of brass strip is bent over three times at 
one end with a hole drilled in it to take the shoulder of the compressing bolt. 
End of strip passes through a cutout portion in the center of the lower face of 
an L-shaped lever of steel. Other face of lever is drilled and threaded to 
take a !/, in. M.S. hexagon-headed compressing bolt. No locking device is 
needed as the load causes the bolt to be selflocking. Description. Aero- 
plane, April 19, 1940, page 575, 1 illus. 


Fuel Tanks 


Henderson Safety Tanks. Walls of the Henderson tank are built up in 
three layers to a total thickness of */is in. and each layer is a complete leak- 
proof unit in itself. Inner and outer shells are of thin sheet copper sand- 
wiching between them a continuous lining of Hencorite, a patent rubber 
product which is vulcanized to both the metal casings. In effect, tank is a 
flexible bag which is stabilized i in all directions by the inner and outer shells. 
Baffles attached to the inner walls of the tank are secured by a special self- 
releasing device by which they become detached in event of a crash, thereby 
enabling the pressure inside the tank to be evened up. Tank is fashioned 
without rivets and is proof against leakage and seepage. Bullet holes can 
easily be repaired. Four operations necessary to repair a bullet hole are 
shown. Weight between 1 to 1'/s lb./gal. for capacities of 50 gal. and up- 
ward. Air Ministry has insisted that all Miles Master advanced trainers be 
fitted with these tanks. Description. Flight, May 16, 1940, page 468, 3 
illus. 


Photography 


Modern Apparatus for Photogrammetry. W. Block. New surveying 
apparatus for ground photogrammetry is described. Development of the 
surveying and plotting apparatus for aerial photogrammetry is treated from 
the point of view of the two problems, namely, that of advancing aerotri- 
angulation methods, and that of providing small and simple plotting appara- 
tus for army and colonial measurements. Several devices for special ap- 
plication in photogrammetry are also discussed. Illustrations include: 
Zeiss-Aerotopograph TA-N phototheodclite of the photogrammetric field 
equipment, TA-L small field phototheodolite RM-K 20/3030 wide-angle 
photogrammetric camera, exposure with the horizontal auxiliary camera, 
DK-40 double camera, subsidiary autograph, and plotting cameras for the 
Aeromultiplex for convergent exposure; Zeiss C5 stereoplanigraph, and 
SEG-IV fully-automatic rectifying apparatus; Photogrammetrie G. m. b. H. 
single phototriangulator, red-green plotting device (test model); and Askania 
inclinable phototheodolite for rapidly moving objectives (projectiles). 
V.D.I., April 13, 1940, pages 252-256, 12 illus. 


Testing Apparatus 


Scientific Instruments and Apparatus. Devices which would have been 
shown at the cancelled Physical Society’s exhibition are described. Engi- 
neer, May 3 and 17, 1940, pages 421-422 and 450-452, 10 illus. 

The Month’s New Instruments. New devices for measurement, inspec- 
tion, testing, metering, and automatic control. Short descriptions. Jn- 
struments, April, 1940, pages 88-99, 27 illus. 

A Practica! Stroboscope Circuit. C.C. Street. Control unit for use with 
a conventional Cooper- Hewitt lamp has a wide range of frequency as well 
as controlled duration of the light impulses and is useful for industrial 
studies of high speed motion. Description. Electronics, April, 1940, pages 
36-37, 3 illus. 

Selecting Automatic-Control Equipment for Continuous Processes. H 

Gorrie. Basic problems of control are considered, including the basic 
elements of a control system; classification into on-off, floating, positioning, 
and positioning- -and- floating types of controllers; temperature-control 
problems in regard to heat energy storage, transfer lag, transportation lag, 
and controller lag; pressure and level control in regard to energy storage 
and controller lag; and draft and flow control. IJnstrumenis, April, 1940, 
pages 100-102, 109, 6illus. 


415 


A Visual Alignment Generator. H. F. Mayer. An all-electronic fre 
quency-modulated signal generator for r-f and i i-f alignment using an oscillo- 
scope is described. The central frequency is continuously variable from 
zero to 60 mc., and the total frequency sweep from zero to 1.1 me., all with- 
out the use of moving parts. Electronics, April, 1940, pages 39-41, 6 illus. 


X-Ray for Checking Condition of Automobile Tires. Portable X-ray 
device developed by the General E lectric X-Ray Corporation is intended to 
reveal the presence of tacks, nails, wires, or glass or stones embedded in the 
tire wall. Inspection is made by means of a fluoroscopic viewing screen 
The X-ray tube itself is mounted in an all-metal head which includes all the 
high-voltage parts (transformers and tube) immersed in insulating oil. The 
construction resembles that of the standard shock proof mounting used 
widely in industrial and medical practice. The unit is energized from a 


standard 110-volt 60 c.p.s. line. Short description. Electronics, April, 
1940, page 60. 
Materials 
Automotive Materials. T-1 aluminum alloy, product of the National 


Bronze and Aluminum Foundry Company, has the same corrosion resistance 
as Navy Alloy 46 Ale-4 and an ultimate tensile strength up to 33,000 Ib. / 
sq.in. without heat treatment, and contains copper, tin, magnesium, zinc, 
titanium, chromium, and aluminum. Possible application of vat dyes in 
automotive finishes reported to the American Chemical Society by C. K 
Black. Colonial No. 301 light-weight rustproof alloy is 66 per cent lighter 
than steel or iron and 70 per cent lighter than brass, copper, nickel or bronze, 
has an ultimate tensile strength of 72,110 Ib /sq.in , and lends itself to gas, 
spot, seam, and arc welding, brazing, soldering, ‘‘Colawelding,’’ and reaction 
soldering. Sherwin-Williams Kem Bakolescent enamel designed for color- 
ing plastic parts. Maas and Waldstein Raydur synthetic baking enamels, 
and Raydur Duart wrinkle elements are especially designed for high-speed 
baking schedules in infrared lamp ovens. 

Irvington Irv-o-lite Type XTE-30 extruded tubing, manufactured in 
continuous lengths, is said to have excellent flexibility at all temperatures 
down to —4°F., extreme flexibility, great resistance to tear and abrasion, 
high tensile strength, improved heat resistance without losing form up to 
300°F., good fire, oil, and fuel resistance and dielectric strength. DuPont 
PVA group of water-soluble vinyl resins in form of sheet, rod, tube, and 
threads. Durez 1905 Black phenolic molding compounds. Nonslip pulley 
covering to prevent belt slippage. Few details of properties Automotive 
Industries, May 15, 1940, pages 466-468 


Metals 


CORROSION AND PROTECTIVE COATINGS 


Dyeing of Anodized Aluminum. Theory and practice of treating anodic 
coatings to give simple and multicolor effects to aluminum products Photo- 
graphs of the DeHavilland Aircraft Company indicate some of the stages in 
the production of anodized dyed (matt black) propellers and are briefly dis- 
cussed in the text. In finished form not only the blades but also the hubs 
are finished matt black. Because, at normal operating speed, propellers 
treated in this way are invisible, the blade tips are painted yellow to guard 
against danger to personnel. Mechanism of cobalt-acetate sealing, bases of 
dyeing technique, modifying ‘‘texture,’’ and effect of the anodizing process 
on inspection of the shot-blasted surface are considered in detail. To be 
concluded. Light Metals, April, 1940, pages 87-89, 4 illus. 


Condition of Anodically Obtained Oxide Layers on Aluminum Alloys. 
H. Roehrig. Factors affecting the anodically produced oxide layers on alu- 
minum alloys are discussed, including: importance of impurities eliminated 
heterogeneously; influence of grain boundaries; color and its degree of 
influence; electrical insulation properties; hardness and wear resistance; 
and importance of the recry’ pas structure of the material. V.DJI 
March 30, 1940, pages 223-22: 


Pickling and Polishing of Metals. Tour. History of electropickling, 
still pickling, and electropolishing of metals for the past 25 years (the story 
of Lucius Pitkin, Inc.). To be concluded. Jron Age, May 23, 1940, pages 
56-60, 1 illus. 


IRON AND STEEL 


“18 and 8” and Related Stainless Steels. W. M. Mitchell. As the 
normal ‘*18 and 8”’ alloy of iron, chromium, and nickel has not satisfied all 
requirements for corrosion resistance and physical properties, various modi 
fications in composition have been introduced. Results obtained with 
special compositions in regard to carbon, nickel, silicon, and tungsten are de 
scribed. The effect of molybdenum additions, and of other alloying ele 
ments such as copper and manganese, and means of obtaining free machin- 
ing steels are discussed and future developments are -_haptaaaaaaa Concluded 
Metals & Alloys, April, 1940, pages 118-122, 3 illu 


K-42-B—A New Westinghouse Alloy. K-42-B is said to be stronger than 
any known steel, and to contain only 7 per cent iron, but yet retains its 
strength at temperatures higher than 2000°F. It is stronger at 1100° than 
ordinary low-carbon steel is at room temperature, and it has a low damping 
coefficient at such elevated tempe ratures. Almost half of the alloy is nickel 
and a quarter cobalt. Creep i$ a great deal less than with other metals in its 
class. Immediate uses are expected to be those of a special-purpose alloy for 
dies, valves, steam fittings, and possibly turbine blades or other applications 
requiring temperature-resistant metals. Brief note on properties. Jron 
Age, May 9, 1940, page 37. 


Anti-Piping Compounds. E. Gregory. Compositions of proprietary 
anti-piping compounds and their influence on major se gregation in steel 
ingots. Detailed work carried out on behalf of the Committee on the 
Heterogeneity of Steel Ingots. Sections of Report of the British Iron and 
Steel Institute. Jron Age, May 2, 1940, pages 48-49, 1 illus., 1 table 


Effect of Phosphorus in 5 Per Cent Cr, 0.50 Mo Steel. H. D. Newell and 
Z. E. Olzak Up to at least 0.20 per cent P, the addition of P toa 0.10 C 
5 Cr, 0.5 Mo steel raises both room- temperature and elevated-temperature 
yield and ultimate strength, with little loss in ductility, and, within that 
range of phosphorus, with the retention of satisfactory toughness in the im- 
pact test. Useful limit of phosphorus in this steel appears to lie at much the 
same level as in other low-carbon steels, that is, the sum of C + P should not 
materially exceed 0.30 per cent and, in order to allow for possible Segregation 
in large ingots, one normally works within the limit of C + P + 0.25 per 
cent. 

Compositions of the heats, etch test—as cast, room-temperature proper- 
ties, short-time high-temperature properties, impact and hardenability tests 
atmospheric corrosion test, weld-hardening test, and metallographic examina 
tion are described. Meials & Alloys, April, 1940, pages 106-111, 16 illus., 
4 tables. 
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NONFERROUS ALLOYS 
Age-Hardening Magnesium Alloys. W. F. Chubb. Physics and metal- 
lography of the alloys of silver and magnesium. An alloy containing silver 
0.63 per cent and copper 0.44 per cent is reported to have a tensile strength 
of 15.4 tons/sq.in., but all the alloys prepared contained copper, as the silver 
was added to the magnesium as a copper-silver ‘‘hardener’’ alloy. Results 
are interesting in view of the claims made as to casting properties. 
Mechanical characteristics of the magnesium-rich members are sum- 
marized, and results obtained by Schemtschuschny, Saeftel and Sachs, 
Smirnov and Kurnakov, Guertler, Payne and Haughton, Hume-Rothery and 
Butcher, Ageev and Kuznezov, Peredelsky, and the National Physical 
Laboratory are illustrated and discussed. Tables show hardness measure- 
ments, solidus determinations, results of prolonged annealing, and measure- 
ments of lattice spacings. Light Metals, April, 1940, pages 109-112, 12 illus., 


4 tables. 

British Standard Specifications. New and revised ‘‘Specifications for 
Aircraft Purposes’’ cov ering aluminum-alloys in the following forms: bars, 
extruded sections and forgings (not greater than 3 in. diameter or minor 
sectional dimension); two specifications for forgings (including pistons and 
cylinder heads); 99 per cent aluminum notched bars and ingots for remelting; 
rivets; bars and forgings (greater than 3-in. diameter or width across flats 
or minor sectional dimension); bars, extruded sections and forgings (not 
greater than 3 in. diameter or minor sectional dimension); soft alloy ex- 
truded bars and sections (not greater than 3 in. diameter or minor sectional 
dimension); bars and forgings (greater than 3 in. diameter or width across 
flats or minor sectional dimension); soft alloy sheets and coils; and alumi- 
num-coated sheets and coils. 

Very brief explanations of these specifications as well as of C.F. 4420 
Addendum to British Standard Glossary of Terms in Electrical Engineering 
and BS/ARP 27, Testing Incombustible Material Resistant to Incendiary 
Bombs. Aircraft Engineering, April, 1940, page 126. 

Light Alloys for Aircraft. Recently amended specifications for composi- 
tions and properties of light alloys for aircraft, issued by the British Stand- 
ards Institute, are briefly reviewed, including: aluminum-alloy forgings 
5); aluminum-alloy rivets (2L.37); aluminum-alloy bars and forgings 
9) 5 aluminum-alloy forgings including those for pistons and cylinder 
; (2L.42); bars and forgings in aluminum alloy (L.45); and soft alumi- 
num- -alloy sheet and coil (L.46) Light Metals, April, 1940, page 102. 


Experimental Institute of Light Metals at Milan. The Italian experimental 
institute organized for the study of light metals and their alloys is divided 
into the following ten divisions: chemical-analytical, macrography and 
micrography, X-ray, physical testing, materials testing, heat treatment, ex- 
perimental foundry, pyrometric control, mechanical workshop, and welding 
Description of institute and be ge ga and scope of its work. Aerolecnica, 
February, 1940, pages 155-158, 5 illus. 

The Fabrication of Magnesium Alloys. L.G. Day. Methods employed 
by High Duty Alloys, Ltd., and special apparatus devised. This issue is 
devoted to melting and casting procedure, including: bale-out furnaces; 
fluxing; precautions necessary in sand casting magnesium; inhibitor addi- 
tions; molding sand; and running and gating. To be continued. Metal 
Industry, May 3, 1940, pages 387-390, 5 illus., 3 tables. 

Light Alloys and the Light Metal Industries in Italy. Report upon the 
recent metals congress in Italy where production and utilization of aluminum 
and magnesium have been the subjects of intensive technical and economic 
research. 

From the standpoint of ballistics, use of light alloys conferred considerable 
advantages and today nine- tenths of the nosecaps on shells used by the 
Italian artillery were produced in an aluminum-magnesium-silicon casting 
alloy similar to Anticorodal. Where copper alloys were used, it was only in 
the form of aluminum bronze. 

Economic and financial data, problem of fuel shortage, aluminum from 

Leucite, cost of sea-water magnesium, prejudice against ultra- light alloys, 
light-metals technology, requirements of melting furnaces, military applica- 
tion of light metals, and transportable foot bridges of Elektron are the sub- 
jects of the papers covered in this issue. A discussion of the use of light 
metals in Breda aircraft is started. Light Metals, 
April, 1940, pages 103-106, 3 illus. 
Research Progress—A Critical Review of Foreign Work. Critical com- 
mentary upon recent investigations of E. Schmid and H. D. Graf v. Schwei- 
nitz on the gas content of aluminum. It is suggested that future research 
may be more profitably devoted to a determination of the mechanism by 
which hydrogen is absorbed by the metal in the form of moisture. Ionic- 
bombardment technique, factors affecting gas content, and comparison of 
electric and vacuum extraction methods are considered. Light Metals, 
April, 1940, pages 101-102, 1 illus. 

The Fabrication of Magnesium Alloy. G. Day. Corrosion-prevention 
treatment of magnesium alloys ad “by the royal Aircraft Establish- 
ment and prescribed by the Air Ministry consists of five stages including pre- 
liminary cleaning, rinsing, chromating, rinsing, 7 drying. Boiling solu- 
tion is made of 3 per cent ammonium sulfate, 1.5 ) per cent ammonium bi- 
chromate, 1.5 per cent potassium bichromate, and 0.5 per cent ammonia. 
This treatment, painting processes, drop forging, rolling, panel beating, and 





To be concluded. 


welding are discussed. Concluded. Metal Industry, May 17, 1940, pages 
433-435, 4 illus. . 
TESTING OF METALS 


An Engineer in Search of Truth. In the new damping laboratory of the 
High Duty Alloys Company elec >troacoustic apparatus is used to determine 
the damping capacity of test specimens and manufactured components. 
Damping capacity is determined from the rate of decay of free oscillations, 
as well as from the half-amplitude breadth of the resonance curve, and as a 
physical constant of a material in a given condition. The structure-sensitive 
quality affords a means of determining strain, internal stresses, and flaws. 
Brief description of these new research laboratories. Flight, May 9, 1940, 
page 436, 3 illus 

Plant, equipment and research undertaken by new laboratories of High 
Duty Alloys are discussed in connection with opening of the laboratory. 
leroplane, May 10, 1940, pages 654-655, 5 illus. 

Effect of Rest on Fatigue Behavior. K. Daeves, E. Gerold, and E. H. 
Schulz. Tests of specimens of three patented and cold-drawn wires in the 
Schenck rotating-beam machine, indicate that rest periods raise the number 
of cycles to failure at a stress considerably above the endurance limit, and 
that the increase is greater the more numerous and the longer are the rest 
periods Coarse ferrite-pearlite structure, or decarburization, or hypo- 
eutectoid ferrite accentuates the effect of rest. In tests of specimens of steel 
containing 0.06 C, 0.01 Si and 0.50 Mn, rest periods at 140° C increase con- 
siderably the number of cycles to failure. Abstract from Stahl und Eisen, 
February 1. Welding Jour., Welding Res. Sup., April, 1940, page 145s, 2 
tables. 


Macro-Etching of Magnesium Alloy Forgings. Method 


W. H. Dearden. 


developed at the Royal Aircraft Establishment avoids the use of expensive 
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chemicals and the necessity for elaborately finished metal surfaces. Ex- 
amination is best carried out visually using a low power lens. Results of an 
investigation carried out for the metallurgical department of the Establish- 
ment are given. Tests were made on forgings of AZ855 magnesium alloy 
(containing 9 per cent aluminum and 0.5 per cent zinc) used for the manu- 
facture of propeller blades. Reagent chosen consisted of sodium acid 
phosphate (NaH;POs, H2O) 24 gr., potassium ferricyanide 4 gr. and water 
(not necessarily distilled) 1 liter. Note reprinted from Institute of Metals 
Journal, March. Metal Industry, April 26, 1940, pages 376-377, 6 illus. 

Testing Machines—Old and Modern. Templin machine of the Aluminum 
Company of America can make tests to destruction and can also be operated 
as an extrusion, forging, or forming press. It will be used for research in 
these various capacities. It is capable of exerting a force of 3,000,000 Ib. 
in compression and of 1,000,000 Ib. in tension. Illustrations of this machine 
with brief comments as well as illustrations of several very old testing ma- 
chines. Metals & Alloys, April, 1940, pages 103-105, 7 illus. 

WELDING AND BRAZtNG 

Brazing the Aluminum Alloys. G. O. Hoglund. These processes should 
reduce the joining cost substantially as compared with standard gas- or arc- 
welding methods. They provide neater joints requiring less finishing, and 
extend the range of welded joints to parts thinner than could heretofore be 
considered. Brazed joints described have characteristics of a welded, not a 
soldered, aluminum joint. Basic factors essential to the handling of alumi- 
num alloys, principles as now applied, and characteristics of brazed joints 
showing their suitability in service are discussed. Welding Jour., Welding 
Res. Sup., April, 1940, pages 123s—125s, 4 illus., 1 table. 

Bend Ductility Surveys. R. D. Williams. Of the various methods of 
satisfactorily testing the entire region around the weld, the free-bend test 
seemed to be the one yielding the most information. Instead of the usual 
2 in. gage length, a distance of about 1'/: in. was divided by gauge lines '/» 
in. apart. Vickers hardness and bend ductility curves are shown for plates 
3/si in. thick and 12 in. square, including oxyacetylene and arc welds contain- 
ing 0.39 C, 0.85 Si, 137 Mn, 0.13 Cu, and 0.55 Cr, and are-weld containing 
0.09 C, 0.91 Mn, 1.45 Cu, 1.15 Ni, and 0.076 Mo. Most of the deformation 
in the medium-carbon steel specimens occurred in the soft weld metal and a 
small decrease in ductility was observed in the hard heat-affected zone. 
Hardness of the weld in the ather steel was about the same as that of the 
base metal, the majority of the free-bend deformation occurring in the weld. 
Preparation of the specimen and tests are described. Welding Jour., Weid- 
ing Res. Sup., April, 1940, pages 121s—122s, 4 illus. 

Spot and Seam Welding of Light Metals. C. Haase. Influence of weld- 
ing conditions current, time, and pressure—on the strength of single spots 
and spot seams in aluminum and magnesium alloys were determined in the 
investigation described. Effect of age hardening in the case of subsequent 
heat treatment is stronger for small spots than for large, and on seams with 
spots closer together, it is possible, under special conditions, to obtain the age 
hardening by means of welding heat. The strength values of welded test 
pieces with various spot arrangements were compared with those of riveted 
connections and the static strength tests were supplemented by fatigue tests 


on welded and riveted connections. Alloys tested included Al-Cu-Mg 
(Bondur), Al 99.5, Al-Mg 7, Al-Mg-Si, Mg-Mn, and Mg-Al 6. V.D.L., 
February 10, 1940, pages 89-96, 24 illus., 7 tables. 

Miscellaneous 


Helium. A. Mayer-Guerr. Theory of the sources of helium, and coun- 


tries in which it is present. 

Second article by H. Hausen under the same title covers: processes for the 
extraction of helium from minerals, from the air, and from natural gases 
installation for the purification of helium; and other possibilities for helium 
extraction (extraction from the air in large proportions, and by means of 
atomic breakdown). Equipment is illustrated. V.D./J., April 13, 1940, 
pages 245-252, 6 illus., 1 table. 


Paint 


A New German Protective Paint. Sigal rust-inhibiting pigment is based 
on the corrosion-resistant properties of Al-Si alloy and consists essentially 
of the eutectic alloy 87 per cent Al, 13 per cent Si with the addition of ele- 
mentary Si. Whole is ground to a fine powder in a ball mill with air separa- 
tion so that no residue is left on a sieve of 16,000 mesh/sq.cm. Film is very 
the elasticity increasing with increasing substitution of resinous 
material for linseed oil. Sigal priming coats are made up without addition 
of oil, while finishing coats contain up to 5.8 per cent linseed only. Brief 
note only giving an Air Ministry abstract from a French journal. Engineer, 


May 17, 1940, page 455. 


elastic, 


Plastics 


Permanence of the Physical Properties of Plastics. J. Delmonte. 
sis of the creep and cold-flow characteristics of solid plastic materials as they 
are available commercially in sheet form has been confined to a study of the 
influence of time under constant-temperature conditions. Samples of plastic 
materials were supported as simple cantilever beams and loaded by dead 
weights at the end. Apparatus designed by the author tested four samples 
simultaneously, m making it possible to observe materials under four different 
maximum fiber stresses during the same period of time. Equipment was 
enclosed within an insulated chamber, thermostatically controlled with air 
circulation to 85°F. — 2 Four micrometers attached solidly to the sup- 
port block measured the end deflection of the specimens by electric al con- 
tact with the support for the weights completing the circuit with a 7.5 watt 
lamp placed in series. 

Cellulose acetate sheet, polyvinyl chloride acetate, methyl methacrylate, 


and laminated phenolic sheet with canvas base were tested 
materials tested, 


Paper presented 


Analy- 


polystyrene, 
Researches in plastic deformation in regard to method, 
theory, relaxation, and temperature effect are described. 
before Subdivision on Rubber and Plastics of the aoe Industries Division, 
May, 1940, pages 49-— 78, 80, 82, 5 illus.. 


A.S.M.E. Modern Plastics, 2, i 
9 equations. See also Engineering, May 3, 1940, pana 456-457, 2 illus., 
2 tables. 
Testing of Materials 
A. King. Specimen 


A New Method for Measuring Young’s Modulus. 
in the form of a circular loop of wire is fastened at one point to a rigid support. 
At the diametrically opposite point a magnetic field is applied. Frequency 
of an alternating current in the loop is adjusted until flexural vibrations 
occur in the piane of the loop. Then the resonance frequency /, the radius 
of the loop 7, the linear density m, and the radius of the wire a are related to 


Young's modulus by the equation E = 18.395 mf? (r/a)* (1 — g), in which 














AERONAUTICAL REVIEWS 


(1 — g) is a gap correction factor. Rev. Scientific Instruments, April, 1940, 
pages 114-116, 2 illus., 2 tables, 8 equations. 

The ‘“‘Supersound”—A New Aid to Nondestructive Testing of Materials. 
General discussion of the characteristics of sound and its opemetons in ma- 
terials testing. A.7T.Z., March 10, 1940, pages 125-127, 1 illus. 


Wood 


Tests with Plywood in Pegged and Glued Wood Joints. K. Egner. 
Earlier tests with intersecting sheets of plywood for taking tensile forces i in 
wood framework yielded unsatisfactory results, but recent progress in ply- 

wood technique has given impetus to the renewal of the investigations. Ply- 
wood in flat sheets in any direction showed approximately the same strength 
and was built up from laminated beech veneer to 2 mm. thickness, with 
crossed fiber direction, by means of carbamide synthetic resin glue. Tensile 
tests were carried out with cover- plate joints having two rows of pegs (one 
arrangement with two external cover plates and the other with one internal 
cover plate), and with glued cover-plate joints arranged with two external 
cover plates. V.D J., April 20, 1940, pages 271-272, 3 illus., 1 table. 


Bearings 


Properties and Performance of Plastic Bearing Materials. L. M. Tich- 
vinsky Important physical properties as well as some of the characteristic 
performances of plastic bearing materials are presented to assist a designer 
in selecting and specifying synthetic resin-bonded bearings. Types of syn- 
thetic resin-bonded bearing materials and their modulus of elasticity, com- 
heat conductivity, and other properties are discussed in 


pressive strength, 
-M.E. Modern Plastics, May, 1940, 


detail. Paper presented before the A.S 
pages 54-57, 70, 72, 11 illus., 7 tables. 


Fuels and Lubricants 


Computation of Some soars Properties of Lubricating Oils at High 
Pressures. R. B. Dow and C. E. Fink. From a survey of available data 
on the density of fluid lubricants as a function of pressure and temperature, 
the following empirical equation has been derived po(1 + ap — 6p*)t, where 
p is the density at a given pressure (gage) » and temperature /, and pp is the 
corresponding density at atmospheric pressure. The constants a and 6} 
are evaluated over a temperature range extending from 20 to 220° F., and 
the density equation is valid over a pressure range of 50,000 1b./sq.in. While 
the equation was derived from data on mineral oils it has been found to hold 
equally well for animal, vegetable, and fish oils. The variation of density 
with pressure is independent of the nature of the oil. Jour. Applied Physics, 
May, 1940, pages 353-357, 1 illus., 2 tables, 1 equation. 


Engine Design and Research 


Bonded Rubber for Insulation. Metalastik is applied to mountings for 
nline aircraft engines. Damping rubber bonded to the metal is loaded in 
shear to take adv antage of the lower natural frequencies of vibration obtain- 
able by this means, as compared with loading in compression. Another 
condition fulfilled by the mounting is that of restricting movement of the 
motor to the lowest degree in all directions. An engine-mounting assembly, 
a special type of Metalastik engine mounting with dished discs, and another 
design in which the discs have Vee-shaped channels, for greater restriction of 
fore-and-aft movement, are illustrated and described. 

Skefko Metalastik ball-bearing roller for airplane controls is a seif-con- 
tained single-row bearing to the outer ring of which is bonded a tire of syn- 
thetic rubber Special bonding process ensures complete adhesion between 
tire and bearing in all conditions. Roller is intended primarily as a steady- 
ing element for control tubes in pushpull systems. Bearing is approved by 
the British Air Ministry for use on Service airplanes, and is standard in the 
Miles Master. Aeroplane, April 19, 1940, page 575, 4 illus. 

Problem of the Torsional Stiffness Decisive in Torsional Vibrations of 
Crankshafts. J. Meyer. Literature published in recent years on this prob- 
lem is surveyed and a stand is taken toward the results, some of which differ 
widely. Investigations of R. Grammel, K. Klotter, K. v. Sanden, and A. 
Kimmel are reviewed. Report of the D.V.L. Institute of Engine Mechanics 
Luftfahrtforschung, February 20, 1940, pages 54-55. 

Turbo-Superchargers. F.Umpleby. In the ballistic velocity turbine de- 
signed by the author exhaust gases are directed into a radial outward flow 
turbine with a minimum of loss in their velocity, and turbine blades are ex- 
tended outwardly so as to act as centrifugal exhauster blades An annular 
zone of accelerated outward gas flow is created around the turbine wheel, 
depression in the exhaust pipe and system is maintained and prolonged, and 
return surges of gas and gas oscillations in the exhaust pipes are eliminated 
Exhaust-gas back pressure is eliminated, temperatures of combustion 
chamber and exhaust valves are reduced, and more room is provided in the 
cylinder for a greater and denser charge of clean fresh air or combustible 
Two sets of cross-sectional drawings illustrate the ballistic ve- 


mixture 
and how it can be applied to the two- 


locity radial- flow turbo-supercharger, 
stroke engine specially designed for it E 
Discussion also covers: fluid flow in the blade passages of a turbine and 


its fundamental theory; L jungstroem multistage turbine, said to be one of the 
most efficient steam turbines, in which driving fluid flows radially outward 
from the center through rings of blades rotating in opposite directions utiliz- 
ing all changes in direction and momentum of the fluid as driving forces; gas 
oscillations and results found by Kadenacy; methods of cooling the blades 
and rim of the turbine, with reference to a recent Junkers British patent and 
the Buechi system; and turbine design. 

Drawings show three designs of centrifugal compressor, two in which the 
air becomes turbulent behind the blades, and one which avoids this. Curves 
indicating the pressures in exhaust pipes apply to the two-stroke engine with 
ballistic velocity turbo-supercharger, and the Buechi system on a four-stroke 
compre ssion-ignition engine. Continued. Flight, Aircraft Engr. Sup., 
April 25, 1940, pages 13 15, 7 7 illus. 

Airscrew Shaft Extensions. Germany is believed to be building new fight- 
ing airplanes with submerged engine installations, and this translation from 
a recent issue of ‘‘Junkers Nachrichten"’ dealing with Junkers shaft drives is 
therefore considered of particular interest. Problems of shaft drives are 
mentioned and a schematic drawing is prese nted showing the Junkers exten- 
sion shaft for the Jumo 205 Diesel engine. Pusher propeller of the Dornier 
Do 18 flying boats is driven through an extension shaft from the Jumo 205 
Diesel engine mounted in the center section, and these shafts seem to have 
given little trouble. The Junkers shaft weighs 11.4 Ib./ft 

Problems of torsional vibration are referred to and an internal vibration 
damper to bridge part of the elastic ranges by a rigid member, developed by 
Junkers, is mentioned. Another problem, that of vibration of power plant 
in relation to the airplane, is referred to and a drawback to the angle-type 


propeller shaft extensions is pointed out. 
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“Some of these problems have not yet been solved in a way which would 
meet service requirements and others are still under consideration For the 
time being, therefore, and in the near future, straight-line airscrew shaft ex- 
tensions appear to offer the brightest prospects. Such shaft extensions have 
been developed in the Junkers Works during the past 10 years and have 
proved successful in the Junkers G 38, Dornier Do 18, and Dornier Do 26 
machines on air transport serv ice. The Junkers airscrew shaft extension has 
internal vibration dampers. It is nearly 2 m. (6.5 ft.) long and weighs 73 kg 
(161 Ib.), including the airscrew bearing. Each additional metre between 
airscrew and engine entails an extra weight of only 17 kg. (37.5 Ib ). The 
shaft extension does not require attention or servicing in fight 

“The straight- line propeller shaft extension also enables the torques of a 
number of engines to be collected in a common gearbox and passed to a single 
propeller. Such arrangements require the fitting of clutches and free 
wheeling devices. Clutches and free wheels have been successfully tried on 
the testbed under conditions simulating flight, as parts of a unit comprising 
engine, propeller extension shaft and propeller, and they are to be fitted ex- 
perimentally to an airplane.’’ Aeroplane, May 3, 1940, pages 625-626, 6 
illus. P 

A Buna Cloth Packing without Asbestos. K. Diehl. Research has pro 
duced a new packing for cylinder heads which uses a synthetic rubber (Buna) 
Packing was based on the knowledge that Buna rubber does not soften at 
high temperatures as natural rubber does but tends to contract and therefore 
can tolerate higher temperature much better as a packing than can natural 
rubber. For increasing the strength of the new packing, steel inserts are 
vulcanized into the Buna rubber consisting preferably of two layers of metal 
mesh. The new feature is that the two layers of mesh are not, as has been 
conventional, arranged over each other with the mesh parallel (parallel 
webbing) but are placed at an angle of 45 (diagonal webbing) Depending 
upon the operating conditions, the new packing is used with or without a 
metal rim at the combustion-chamber openings. Results of tests are given 
A.T.Z., March 10, 1940, pages 123-124, 7 illus 

Cam Gear Design for Restricted Space. P. M. Heldt Space available 
for foot of the tappet in engines with mushroom-type tappets is sometimes 
limited, especially in Vee-type engines where the single camshaft is located 
directly over the crankshaft and axes of the valve tappets for the two blocks 
intersect the camshaft axis Special type of cam permitting a tappet foot 
of smaller radius for a given valve lift, previously described by C. H. Bouvy, 
is briefly referred to and the problem of minimum rac lius of tappet foot that 
can be used with the conventional type of cam, when it is not desired to use 
a special form of cam, is considered Geometrical relations determining the 
minimum practical tappet-foot radius are derived and illustrated. Avuto- 
motive Industries, May 15, 1940, page 476, 1 illus., 3 equations 

Discussion of ‘‘A Mathematical Consideration of the Fluid Coupling,” an 
Article by P. M. Heldt which Appeared in the April 15, 1940 Issue. H 
Huebotter. In the calculation of liquid flow in a path so complex as that in 
a fluid coupling, the concept of the angular momentum of the fluid with re- 
spect to the rotor axis offers a simple means of analysis. Recognition of the 
change in angular momentum of the fluid during its passage through the 
rotors leads to an expression for the torque, the value of which is double that 
which is derived by Mr. Heldt. Impulse on the vane is equal to the decrease 
in momentum of the liquid. A detailed analysis of the forces that act on the 
fluid in the pump impeller is given Automotive Industries, May 15, 1940, 
pages 470-471, 2 illus., 13 equations 

U. S. Trucks Relieve French Civil Transport Situation—Allies Study Merits 
of Carburetors and Injectors for Aircraft Use in Wartime. W. F. Bradley 
Main practical disadvantag ze of the injector for aircraft engines is that it 
loads up the engine with gas when on a steep glide, causing sputtering when 
pulling out French and English pilots have frequently claimed to have 
brought down German planes which were emitting black smoke, when that 
smoke was only caused by the ejector pumping an excess of gasoline into the 
cylinders. 

French carburetor experts deny that Germany has been forced to use low 
grade gasoline in airplane engines and, at the time when production is all 
important, they oppose any stampede to the injector merely because it is 
used by Germany Injectors have been perfected in Germany, but it is 
claimed they offer no technical advantages over the carburetor and their 
servicing is much more difficult The injector prevents freezing; but with 
the Hispano-Suiza-Solex device with the compressor blowing on the catbure- 
tor, this difficulty is overcome 

There is every reason to believe that technical considerations did not dic- 
tate Germany's choice According to an agreement signed between the 
Solex company dominating the French market and Bosch, Solex agreed not 
to undertake injector manufacture and Bosch to keep out of the carburetor 
field German authorities, finding they were dependent on foreign countrie 
for carburetor technique instructed Bosch to push injector development 
Brief note only. Automotive Industries, May 15, 1940, page 478 

The Working Principles of the Exhaust GasTurbine in the Drive of Super- 
chargers. E. Kubsch. Survey of results to be expected according to the 
present status of development of exhaust-gas turbines as applied to ships, 
railway cars, trucks, tractors, and buses, is presented for application by 
automobile designers Discussion covers: operating and mathematical 
principles; open exhaust and collector exhaust; gas temperature and coef- 
regulating of exhaust turbines; and 








ficient; cooling of endangered parts; 
tests with motor vehicles. A February 25, 1940, pages 77-84, 14 
illus. 


Engine Manufacture 


Total output of German mili- 
500 a month and air- 
groups similar 


The Production of German Aero-Motors. 
tary aircraft engines is reliably estimated at at least 
craft at 10) per month Production is divided into definite 
to that of airplanes First group deals with research, design, and testing of 
prototypes; the second is engaged in mass production and, in certain cases 
in development of existing types, while the third is devoted to the manufac- 
ture of parts, accessories, and equipment. Companies and plants in each of 
these groups are listed Great efficiency has been achieved by introducing 
such measures as the following number of service motors is kept small; 
their construction has been simplified and standardized in order to achieve a 
fast output; and the workshops are well organized and equipped with an 
abundance of the most modern machinery ‘Investment of machinery per 
single workman is at least as high as in the best equipped American plant.’ 
Photograph shows Ju.87B dive bombers on six parallel assembly lines in the 
Junkers factory at Dessau. Short description. Aeroplane, May 10, 1940, 
page 648, 1 illus. 

Machining Methods for Aero- Engines. G. C. Cao 
is obtained by having for each series of operations its own specially designed 
machine tool and installing, instead of a battery of machine tools of similar 
type all capable of being turned over to a number of oper: ations, a line of indi 
y idual machines each suited to its particular job Time is wasted in chang 
ing special fixtures required on a standard type of machine tool, when turn 
over is made from one operation to another 





More rapid output 
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Results of a comparison between the American system of using universal 
machine tools (particularly the Ingersoll Milling Company’ s ‘Power Pack”’ 
and the Rigidmil), and the Italian system used in the Piaggio aircraft-engine 
works. V arious solutions are brought out by an examination of some typical 
processes in aircraft-engine production, especially the machining of a radial- 
engine crankcase from a light-alloy forging and that of a supercharger casing 
from a light-alloy casting. Advantages obtained by using home-produced 
special machines, as compared with modern products of the American aero- 
nautical industry are indicated. Examples of special machines produced at 
the Piaggio works are illustrated. Translated from ‘‘L’Aerotecnica,”’ 
October, 1939. Aircraft Engineering, April, 1940, pages 117-124, 36 illus. 

Aero-Engine Repair in War-Time. Lt. Col. L. F. R. Fell. Lessons to be 
learned from the history of engine repairing in the field between 1914 and 
1918 are discussed. Repair unit had to be made largely self-supporting, 
except for spares, standard production tools, gages, etc., which could be sup- 
plied from existing stocksin Britain. All specialized requirements for equip- 
ment of all kinds had to be met locally to save time in transporting them and 
to avoid interfering with home production. Reconditioning methods, proc- 
esses, and increased wear tolerances not acceptable in peace time had to be 
introduced at the discretion of the repair shop technical staff without refer- 
ence to the technical department at home. The E.R.S. senior staff officer 
had therefore to be competent to take decisions on such matters. Delays in 
supply from home compelled the British to make the less important engine 
spares from materials purchased locally and conforming as nearly as possible 
with standard specifications. Special tools, parts or equipment urgently 
required by squadrons had to be made at the base workshops so that engines 
should not be long unserviceable and so hold up operations. As supply of 
trained personnel in squadrons became exhausted by casualties and dilution, 
the need of technical assistance became increasingly urgent. Intensive ex- 
perience gained by workshop personnel enabled them to act usefully in an 
advisory capacity to the squadrons. Data regarding engine performance 
and reliability collected at the base workshops were of great value to the Air 
Ministry technical departments and engine builders. Aeroplane, May 17, 


1940, pages 676-677, 2 illus. 


Engine Testing Equipment 


The Maximeter. Device for determining maximum combustion pressures 
in the cylinders of internal-combustion engines is described which has been 
developed by Tchang te-Lou and J. R. Retel of France. Diagram of instal- 
lation on a radial engine and drawing of the indicator are presented. Com- 
plete apparatus consists of instrument case, tubular manifold to which indi- 
cators in the different cylinders are connected, and a wiring harness connect- 
ing all indicators to the case. Indicating lamps are arranged around the 
pressure gage which makes it possible at a glance to ascertain the degree of 
regularity of the cylinders. 

Within the indicator is an elastic diaphragm one side of which is exposed to 
the pressure within the combustion chamber and the other to the pressure of 
an inert gas obtained from a pressure vessel or ‘‘gas bottle.’’ By means of 
the pressure-reducing valve the latter pressure may be varied at will. It is 
only necessary to increase the pressure gradually and to read off the pressure 
shown by the gage at the moment the lamp goes out, to determine the maxi- 
mum pressure produced in the cylinder. Automotive Industries, May 15, 

9 


1940, page 474, 2 illus. 


Engines 


Modern Aircraft Engines—Design and Operating Characteristics. E. 
Vohrer. Analysis of 77 aircraft engines indicates that cylinder-displacement 
performance increases to 41 hp. /liter for cylinders over 1.5 liters, and for 
cylinders below 1-liter capacity attains 58 hp./liter. The strongest engines 
do not have the highest indicated horsepower because they are limited by 
lowr.p.m. High cylinder-displacement efficiency is possible only as a result 
of high r.p.m. with almost simultaneous reduction of cylinder dimensions. 
Peak values of piston speed are at 16 meters/sec., most generally 12 to 14 
meters/sec., and compression ratios between 1.09 and 1.13 are used. 

Maximum mean pressure is 14.7 kg./cm.*; those of 12 to 13 kg./cm.? are 
used today in supercharged engines; with transition from 87- to 100-octane 
number these values have been increased 30 per cent. For power loading of 
the piston the values between 0. 35 to 0.714 hp./cm.? piston area are obtained. 
Power increase for high-altitude engines (constant supercharger pressure and 
r.p.m.) varies between 3 and 4.75 per cent per km. altitude. Weights per 
brake horsepower below 0.5 kg./hp. do not exist with two exceptions (Bris- 
tol Pegasus XXIII and Wright Cyclone G.200) when the radiator weight in 
the case of liquid-cooled engines is considered. Cylinder- displacement 
weight varies between 14 and 28 kg./liter. Today in the case of liquid- 
cooled power plants it has become possible to install nacelle cross sections 
of 1750 hp. /square meter. Operating characteristics of the Bristol sleeve- 
valve engines, including weight and cylinder height, correspond to those of 
modern radial and double radial engines of conventional design. 

Table compares take-off power, power per km. altitude, power per liter, 
weight per hp., and average piston speed, and, in some cases, gives character- 
istics of the following engines: Rolls-Royce Merlin RM.2.5M 2040 hp.; 
Bristol Hercules IV 1590 hp.; Gnome-Rhone 18 P 1650 hp.; Hispano 82 
2600 hp.; Hispano 12Y 1500 hp.; SNC de Moteurs 1600 hp.; Fiat A.82 
1500 hp.; Piaggio P XII R.C.35 1500 hp.; Isotta Asso L.180 J.R.C.C.45 
1500 hp.; Fiat As.6 3100 hp.; Alfa Romeo 135.R.C.-32 1500 hp.; Wright 
Double-Row Cyclone 1500 hp.; Wright Duplex Cyclone 2030 hp.; Pratt and 
Whitney Double Wasp 1875 hp.; ; and Allison (2 X 12-cylinder 60° vee). 
Curves for the various engines compare functidns given in the first para- 
graph. A.T.Z., April 10, 1940, pages 157-170, 26 illus., 3 tables. 

Lenape “Brave” 95-Hp. Engine for Light Planes. E. Rudloff, Lenape 
Aircraft Motors, Inc. Lenape 95-hp. five- cylinder radial engine has double 
ignition, impulse coupling on one magneto, solid steel cylinders with screwed- 
on heads, full-pressure oil feed, double-springed Thompson silcrome valves, 
renewable valve seats, and magnesium alloy crankcase. Cylinder design fol- 
lows the trend of large military engines with its screwed-on cylinder- head 
construction. Bore 4!/sin. Stroke 4 in. Piston displacement 275 cu.in. 
Rated engine speed 2200 r.p.m. Overall diameter 36in. Overall length 24 
in. Fuel consumption 6.48 gal./hr.-cruising. Long description. Aviation, 
May, 1940, pages 61, 104, 7 illus. 

A Rumanian Radial. The I.A.R. 1000-A, first 1000-hp. aircraft engine to 
be produced in Rumania, is a 14- -cylinder two-row radial air-cooled unit 
available in two forms—supercharged to give its rated horsepower at 12,460 
ft. or at 10,500 ft. Bore 146 mm. Stroke 165 mm. Capacity 28.7 liters. 
Compression ratio 6 and 6.1. Maximum take-off power, for 3 min., 1140 
hp. Rated power 1020 hp. at 10,500 ft. and 12,500 ft. Fuel consumption 
0.64 lb./hp.-hr. Diameter 49.88 in. Weight in service conditions 1466 
Ib. Description. Flight, May 16, 1940, page 455, 1 illus. . 

Argus As.410 and Hirth H.M. 512 Engines. Argus As.410 12-cylinder 
engine is the first German air-cooled 12-cylinder engine for high-altitude 
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It is provided with supercharger, reduction gear and internal 
exhaust tubes. Bore 105 mm. Stroke 115 mm. Cylinder capacity 12 
liters. Width 0.66 meter. Height 0.88 meter. Power output 455 hp. 
at 3250 r.p.m. for take-off, 360 hp. at 3000 r.p.m. for short period operation, 
and 300 hp. at 2820 r.p.m. for continuous operation. Weight 300 kg. or 
0.65 kg./hp. Fuel consumption 190 gr. /hp.-hr. 

The Hirth H.M. 512 1: 2-cylinder. vee air-cooled engine is represented by two 
types. The H.M. 512A is an engine for airplanes operating at low altitudes 
and gives 400 hp. for take-off and 300 hp. for continuous operation. The 
H.M. 512B is a high-altitude engine providing 450 to 360 hp. at 3000 meters. 
Bore 105 mm. Stroke 115 mm. Cylinder capacity 12 liters. Width 0.66 
meter. Height 0.83 meter. Weight of the 512B 275 kg. or 0.61 kg./hp., 
and fuel consumption 220 gr./hp.-hr. Short descriptions, characteristics, 
and performances. L’ Acrotecnica, March, 1940, pages 237-240, 5 illus., 3 


tables. 


operation. 


PARTS AND ACCESSORIES 
Soienoid-Operated Oil Dilution Valve. Valve has been developed by the 
Aeronautical Manufacturing Corporation for oil- dilution systems of aircraft 
when gasoline or other fluids are used to dilute the engine lubricating oil in 
order to assist in cold-weather starting. Brief note. Automotive Industries, 
May 15, 1940, page 468, 1 illus. 
Engine Control Box on the Handley Page Hampden. R.Tampier. Full 
page drawing of control box used to control the two Bristol Pegasus engines 
fitted to this bomber, and description of the box on the other side of the sheet. 
Aircraft Engineering, April, 1940, suppl. sheet between pages 104 and 105, 


1 illus. 


Meteorology 


Measuring Night Visibility. For furnishing airline pilots with information, 
a method of determining the visibility code figure at night with the help of a 
visibility meter and two lamps at small distances from the observ atory has 
been found as a result of experiments at Poona. Brief reference only to 
method described in Scientific Note, Vol. VIII, No. 86, of the India Metero- 
logical Department. Flight, April 18, 1940, page 350. 

Visibility through Haze and Smoke, and a Visibility Meter. G. D. Shal- 
lenberger and E. M. Little. Binocular- type visibility meter described meas- 
ures the distance a small smoke should be visible. Clarity, c, is the distance 
from which an observer views a distant dark ridge when it just fades into 
the horizon sky. Because of the small likelihood of a ridge being at this lim- 
iting distance, each time a determination may be desired, the meter here de- 
scribed was developed. ‘This meter gives the ratio of the haze light in front 
of a dark ridge, at a known distance from the observer, to the infinite haze 
light of the horizon sky. Knowing this ratio and the actual ridge distance, 
then c, the distance the ridge would have to be from the observer to just dis- 
appear, can be calculated. Actually the meter gives a factor which, multi- 
plied by the actual ridge distance, givesc. In the study of visual range of 
small smoke column, which is presented, consideration has been given to the 
six independent variables of importance, namely: height of smoke layer, 
altitude of the sun, angle between the smoke column and sun, size of smoke, 
power of binoculars, and air clarity (which is inversely proportional to smoke 
density). Optical Soc. Am., Jour., April, 1940, pages 168-176, 11 illus., 13 


equations. 
Aircraft Radio 


Development and Trends of Radio Systems for the Guidance and Landing 
of the Airplane. A. Marino and R. Koch. Radio systems utilized for the 
assistance of aircraft in navigation are classified according to three cate- 
gories, namely, direction finding on the ground and in the air, radie beacons, 
and systems for blind landing. Fundamental questions relative to the phe- 
nomena of propagation of the electromagnetic waves for different frequencies 
are reviewed, possible conditions of normal and abnormal polarization of 
electromagnetic waves are defined, and, for design, the behavior of different 
systems of direction finding in regard to the survey are examined. Systems 
of direction finding capable of eliminating the effect of abnormal polarization 
are indicated. Advantages and inconveniences of direction finding on the 
ground and in the air, and their possibilities in regard to aerial navigation are 
examined. Trends are shown. 

Principal systems of radio beacons with fixed and rotating beams are con- 
sidered. Different methods of operation are described, and the possibilities 
of their assistance to aerial navigation as well as their inconveniences and 
advantageous characteristics are pointed out. 

Problems of blind landing and the fine radioelectric systems of today, re- 
alized for their solution, are considered. In particular, the Hegenberger and 
Lorenz systems are described and the possibility of obtaining a convenient 
guide in vertical planes is discussed. L’ Aerotecnica, March, 1940, pages 167-— 
190. 
Television Equipment in Transport Plane Relays Pictures to NBC Audi- 
ence. New portable transmitting equipment, recently developed by RCA 
and used in the television broadcast from a United Airlines transport plane, 
included two iconoscope cameras, all synchronizing signal generation equip- 
ment, and a transmitter operating on 288 mc. Total weight of equipment 
including cameras, gasoline-driven generator, picture transmitter and sound 
transmitter, and all auxiliaries was 1500 lb. Technically, the telecast was 
notable in that the synchronization signals were derived from a totally iso- 
lated power source, a light-weight 110-volt generator developed by D. W. 
Onan and Sons. The 60 c.p.s. output of this generator was fairly stable, but 
far from synchronous with the 60 c.p.s. power system on the ground. Short 
description. Electronics, April, 1940, pages 70, 72. 

Instrument Landing Problems in 1940. H. W. Roberts. ‘It may be- 
come necessary to re-examine the entire problem of instrument landing, par- 
ticularly with reference to the necessity of glide paths. ‘Iwo recent develop- 
ments—the radio altimeter and the gyromatic compass—may lead to a uni- 
versally acceptable solution of the instrument- landing problem without using 
a glide path.’’ C.A.A.’s bid specifications for installation of ten instrument 
landing systems, details of the C.A.A., Air-track, and Bendix systems, out- 
standing problems, objections of the airlines to the Army-Hegenberger sys- 
tem, and M.I.T.’s glide path system are discussed. Aero Digest, May, 1940, 


pages 80, 83, 3 illus. 
The N-A-D-U Radio Range. F. Pope. Instead of the two overlapping 
figure-8 patterns of the conventional radio range, the N-A-D-U radio range 
beacon proposed projects four individual overlapping patterns, one for each 
quadrant. Each quadrant is identified by a separate code letter, and the 
radio range provides the following: four individually identified quadrants, 
each bounded by two differentiated course legs, and four differentiated course 
legs, each bounded by two individually identified quadrants. Need for better 
navigational guidance is pointed out, and the conventional N-A four-course 
radio-range beacon and its deficiencies are presented. Aero Digest, May, 


1940, pages 92, 182, 3 illus. 














